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I n t ro d u c t io n
V a rio u s  a u th o rs  ( e .g . ,  Golson 1971; Lawrence 1968; M e g g it t  1964; T in d a le  1977) have 
remarked on th e  im po rtance  o f  seeds in  th e  pre -E uropean  d ie t  o f  c e n t ra l  A u s t ra l ia n  A b o r ig ­
in e s . The A lya w a ra , an A ra n d ic -s p e a k in g  g ro u p , were t y p ic a l  in  t h i s  re s p e c t. They c o l ­
le c te d  e d ib le  seeds fro m  n e a r ly  h a l f  th e  e ig h t y - f iv e  p la n t  sp e c ie s  in  t h e i r  t r a d i t i o n a l  sub ­
s is te n c e  in v e n to ry .  In  th e  p a s t t h i r t y  y e a rs , A lyaw ara  s u b s is te n c e  p ra c t ic e s  have changed 
d r a m a t ic a l ly  because o f  th e  a v a i l a b i l i t y  o f  European fo o d s . N e v e r th e le s s , n a t iv e  foods 
c o n tin u e  to  p la y  a sm a ll b u t im p o rta n t r o le  in  th e  economies o f  some com m un itie s . C u rio u s ­
l y ,  seeds a re  now seldom take n  by th e  modem A lya w a ra , a lth o u g h  th e y  a re  o f te n  v e ry  abun­
dan t and r e a d i ly  a c c e s s ib le .  We argue he re  t h a t  t h is  phenomenon is  b e s t accounted f o r  by 
models drawn from  the  th e o ry  o f  o p t im a l fo r a g in g ,  w h ich  seeks to  e x p la in  s u b s is ta n ce  p a t ­
te rn s  in  term s o f  th e  c o s ts  and b e n e f i ts  o f  e x p lo i t in g  v a r io u s  re s o u rc e s . S p e c i f ic a l ly ,  
we m a in ta in  t h a t  s in ce  seeds a re  expens ive  to  ta ke  r e la t iv e  to  t h e i r  n u t r i t i o n a l  v a lu e , 
th e y  sh o u ld  be used o n ly  when th e  re tu rn s  from  o th e r  re so u rce s  a re  v e ry  lo w , re g a rd le s s  o f  
t h e i r  own a b s o lu te  abundance. T h is  e x p la n a t io n  appears to  acco un t f o r  th e  modem A lyaw ara 
s i t u a t io n .  I t  a ls o  c o n t ra d ic ts  th e  commonly accepted  n o t io n  th a t  h u n te r -g a th e re rs  ta ke  
p la n t  and an im a l foods  in  d i r e c t  p r o p o r t io n  to  t h e i r  abundance o r  n u t r i t i o n a l  v a lu e , except 
where c o n s id e ra t io n s  o f  p a la t a b i l i t y ,  o r  " c u l t u r a l "  p re fe re n c e  o r  p r o h ib i t io n ,  in te rv e n e  
( e .g . ,  H arpend ing and D av is  1977; Jones 1978; Y e lle n  1 9 7 7 :6 4 -6 5 ).
Having p re se n te d  t h i s  a rgum ent, we th e n  c o n s id e r  some more g e n e ra l im p l ic a t io n s  o f  
o p tim a l fo ra g in g  th e o ry :  f i r s t ,  f o r  th e  e x p la n a t io n  o f  in te rg ro u p  v a r ia t io n  in  d ie t  among 
c e n t ra l  A u s t ra l ia n  A b o r ig in e s ; th e n , f o r  c u r re n t  th o u g h t about seed e x p lo i t a t io n  in  Aus­
t r a l i a ,  i t s  h is t o r y  and i t s  s ig n if ic a n c e  f o r  id e a s  about th e  p a t te rn  and ra te  o f  c o n t in e n ta l 
c o lo n iz a t io n .  We conc lude w ith  some comments about th e  g e n e ra l v a lu e  o f  o p tim a l fo ra g in g  
th e o ry  in  a n th ro p o lo g y .
The f ie ld w o rk  re p o r te d  here was su p po rted  by th e  D epartm ent o f  P re h is to ry ,  Research 
School o f  P a c i f ic  S tu d ie s , A u s t ra l ia n  N a t io n a l U n iv e r s i t y ,  and by members o f  the  MacDonald 
Downs com m unity. The a s s is ta n c e  o f  M r. and M rs. M. C halm ers, K. and M. M o rto n , and J .  Jones 
was e s p e c ia l ly  im p o r ta n t. C r i t i c a l  d a ta , u s e fu l comments on e a r ly  d r a f t s ,  and g e n e ra l en ­
couragement were p ro v id e d  by J .  A l le n ,  J .  B ea ton , R. B e t t in g e r ,  K. Cummins, W. Denham, D. 
G rayson, R. G ou ld , D. H e ske l, K. H i l l ,  K. Jon es , D. K im ber, R. M a g u ire , N. P e te rso n , M. 
S c h i f f e r ,  S. Simms, E. S m ith , J .  P. W h ite , and L . Z a le s k i-D a le y .  We e s p e c ia l ly  tha nk  E. 
Chamov and P. L a tz  f o r  t h e i r  generous a s s is ta n c e  and f o r  access to  u n p u b lish e d  d a ta . The 
m a n u sc rip t was typ e d  by S. A rn o ld  and U. H a n ly ; W. Mumford and M. Home p re p a re d  th e  i l l u s -  
t r a t  io n s .
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E nv iro n m e n ta l and E th n o g ra p h ic  Background
The A lyaw ara a re  a re g io n a l p o p u la t io n  who d e f in e  them selves by a common language, a 
d ia le c t  o f  Aranda c a l le d  A lyaw ara o r  I l i a u r a .  T h e ir  t r a d i t i o n a l  homeland is  ce n te re d  on 
the  Sandover R iv e r ,  ab ou t 250 km n o r th e a s t o f  A l ic e  S p r in g s , c e n t ra l  A u s t r a l ia  ( f ig u r e  5 .1 ) . 
Most o f  t h is  c o u n try  is  a r o l l i n g  sand p la in  o r  dune f i e l d  d o tte d  w ith  lo w , is o la te d  sand­
s to n e  r id g e s ,  and covered  w ith  v a s t s tan ds  o f  tu sso ck  grass  and s c a tte re d , sometimes s iz a b le  
pa tches o f  sc rub  fo r e s t .  The c l im a te  is  warm and d ry  (S la ty e r  1962). Summer (December-
The A ly a w ara  C ase
F ig u re  5 .1 . T r a d i t io n a l  A lyaw ara  T e r r i t o r y  and L o c a tio n s  o f  Modem S e ttle m e n ts .
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F e b ru a ry ) h ig h  te m p e ra tu re s  average 37°C, and o f te n  exceed 40°C f o r  days a t  a t im e . N ig h t­
tim e  low s average 22°C. In  w in te r ,  d a i ly  h ig h s  average 21°C, n ig h t ly  lows about 3°C.
Average annua l p r e c ip i t a t io n  is  about 300 mm (12 i n ) , most o f  i t  f a i l i n g  in  v io le n t  summer 
th u n d e rs to rm s . Seasonal and annua l t o t a ls  a re  bo th  h ig h ly  v a r ia b le .
In  p re-E uropean t im e s , th e  A lyaw ara l iv e d  in  s m a ll,  w id e ly  s c a tte re d  g roups , each con­
s is t in g  o f  a few c lo s e ly  r e la te d  fa m i l ie s .  R e g io na l p o p u la t io n  d e n s ity  was lo w , p ro b a b ly
? • • ab ou t one person p e r 50-90 k m . S ubs is te nce  economy was based e n t i r e ly  on h u n tin g  and 
g a th e r in g . L o ca l groups moved f re q u e n t ly  from  s i t e  to  s i t e  o ve r a w ide area  d u r in g  the  
cou rse  o f  a y e a r, depending on th e  d i s t r ib u t io n  o f  foo d  and w a te r (see Gould 1969; Spencer 
and G i l le n  1927; S tre h lo w  1965 f o r  com prehensive d e s c r ip t io n s  o f  t r a d i t i o n a l  l i f e  among 
n e ig h b o r in g  g ro u p s ) .
Some a sp ec ts  o f  A lyaw ara l i f e  have changed d r a m a t ic a l ly  in  th e  p a s t h a lf - c e n tu r y ,  
la r g e ly  because o f  the  e s ta b lis h m e n t o f  lo c a l  European c a t t le  s ta t io n s  (S ta n le y  1976;
S tevens 1974). Most A lyaw ara now l i v e  in  sem iperm anent s e tt le m e n ts  o f  20-200 peop le  l o ­
ca te d  n e a r s ta t io n  homesteads on o r  j u s t  o u ts id e  the  l im i t s  o f  t h e i r  t r a d i t i o n a l  t e r r i t o r y .  
Some a re  em ployed in  th e  c a t t le  in d u s t r y ,  b u t most a re  h e a v i ly  dependent on government w e l­
fa re  f o r  b a s ic  s u b s is te n c e . A p a rt from  the se  changes, the  A lyaw ara  rem ain s t ro n g ly  t r a d i ­
t io n a l  in  many re s p e c ts . A lyaw ara  i t s e l f  i s  s t i l l  th e  b a s ic  language a lth o u g h  E n g lis h  is  
spoken by many. There has been l i t t l e  exposure to  European r e l ig io n  o r  fo rm a l e d u c a tio n . 
T r a d i t io n a l  m a rriag e  and k in s h ip  systems are  e s s e n t ia l ly  in t a c t .
U n t i l  th e  m id -197 0s , th e  A lyaw ara  were s c a rc e ly  re p o r te d  in  th e  a n th ro p o lo g ic a l l i t e r a ­
tu r e .  E a r ly  re se a rch  among s o u th e rn  bands i s  d e s c rib e d  by T in d a le  (1931) and C le la n d  (1932). 
More r e c e n t ly ,  Y a llo p  (1969 1977) and Denham (1972 1974ab 1975 1977 1978; Denham, e t  a l .  
1979) have p u b lis h e d  m a jo r works on language , t e r r i t o r y ,  p o p u la t io n  s t r u c tu r e ,  k in s h ip ,  and 
n o n ve rb a l b e h a v io r . The d a ta  p re se n te d  he re  were g a the red  in  th e  course  o f  s ix te e n  months 
o f  e th n o g ra p h ic  and a rc h e o lo g ic a l f ie ld w o rk  d u r in g  1973-78 in  the  area  around MacDonald 
Downs homestead (O 'C o n n e ll 1977abc).
T r a d i t io n a l  S ubs is te nce
In  p re-E uropean t im e s , A lyaw ara  d ie t  in c lu d e d  more than  120 sp e c ie s  o f  n a t iv e  a n im a ls , 
in s e c ts ,  and p la n ts .  There a re  no q u a n t i t a t iv e  da ta  on th e  r e la t iv e  im po rtance  o f  v a r io u s  
ta x a , b u t in fo rm a n ts  ra is e d  under t r a d i t i o n a l  c o n d it io n s  c o n s is te n t ly  id e n t i f y  e ig h t  m arsu­
p ia ls ,  two b ir d s ,  two o r  th re e  l iz a r d s ,  c o s s id  la rv a e  (a ls o  known as w i t c h i t t y  g ru b s ) , 
about f i f t e e n  seeds, two ro o ts ,  and fo u r  to  s ix  f r u i t s  as h a v in g  been ea ten  r e g u la r ly  (see 
ta b le  5 .A .1  in  th e  append ix  to  t h is  c h a p te r ) .  N e a r ly  a l l  these  sp e c ie s  were once encoun­
te re d  th ro u g h o u t A lyaw ara  t e r r i t o r y ,  b u t most o f  th e  m a rsu p ia ls  (w ith  th e  e x c e p tio n  o f  red  
kangaroo and e u ro ) a re  now lo c a l l y  e x t in c t  o r  much reduced in  number. Large an im a ls  and 
b ir d s  were taken  by men aimed w i th  spears  and th ro w in g  s t ic k s ;  b u rro w in g  an im a ls  and ro o ts  
were dug by men and women a l ik e  w i th  wooden scoops and d ig g in g  s t ic k s .  Seeds were c o l le c te d  
by women and processed w i th  a v a r ie t y  o f  to o ls  and f a c i l i t i e s ,  in c lu d in g  seed b e a te rs , w in ­
nowing t r a y s ,  th re s h in g  p i t s ,  g r in d in g  s la b s , and handstones.-*- None o f  these foods was 
s to re d , w i th  th e  e x c e p tio n  o f  some f r u i t s  w h ich  were o c c a s io n a lly  t e p t  d r ie d  in  s m a ll quan­
t i t i e s  f o r  b r ie f  p e r io d s  (see C le la n d  1932; O 'C o n n e ll,  L a tz ,  and B a rn e tt ,  n . d . ;  Spencer 
and G il le n  1899 1927; T in d a le  1974 f o r  d e ta i le d  d e s c r ip t io n s  o f  t r a d i t i o n a l  h u n t in g , c o l ­
le c t in g ,  and p ro c e s s in g  te ch n iq u e s  and te c h n o lo g y ) .
1. The term s fo r a g e  and c o l l e c t  and t h e i r  re s p e c tiv e  d e r iv a t iv e s  are used he re  syn ­
onym ously, n o t in  th e  sense o f  B in fo rd  (1 9 8 0 ).
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Modem S ubs is tence
S ince th e  m id -1950s, when th e  n a t iv e  w e lfa re  system  came in to  e f f e c t  lo c a l l y ,  A lyaw ara  
d ie t  has c o n s is te d  la r g e ly  o f  European foods  d is t r ib u te d  in  the  fo rm  o f  w eek ly  r a t io n s .
The k in d s  and q u a n t i t ie s  o f  ite m s  g iv e n  to  each ho useho ld  v a ry  somewhat depend ing on i t s  
s iz e  and c o m p o s it io n , b u t th e  average fa m ily  o f  f i v e  o r  s ix ,  in c lu d in g  two a d u lts  and th re e  
to  fo u r  c h i ld r e n ,  re c e iv e s  ab ou t 20 kg f l o u r ,  2 kg t r e a c le  o r  jam , 5 kg re f in e d  w h ite  su g a r,
1 .5  kg  powdered m i lk ,  0 .5  kg  te a ,  and a s m a ll q u a n t i t y  o f  p lu g  to b a cco . Households w ith  
cash incomes fro m  wages o r  w e lfa re  b e n e f i t s  a ls o  pu rchase e x t r a  r a t io n  ite m s , as w e l l  as 
t in n e d  f r u i t  and m eat, sweet b is c u i t s ,  candy, and s o f t  d r in k s  a t  th e  s m a ll s to re s  ru n  by 
most c a t t le  s t a t io n  o p e ra to rs .  F resh b e e f i s  f r e q u e n t ly  a v a ila b le  f o r  s a le  in  many s e t t le ­
m ents. In  1974, average w eek ly  s a le s  were as h ig h  as 1 .0 -1 .5  kg p e r c a p ita .
H u n tin g  c o n tin u e s  to  p la y  an im p o r ta n t r o le  in  some com m un itie s , e s p e c ia l ly  those 
a lo n g  th e  s o u th e rn  t i e r  o f  A lyaw ara  t e r r i t o r y .  Men armed w ith  s m a ll - c a l ib e r  r i f l e s  and 
shotguns r e g u la r ly  take  re d  kan ga ro o , e u ro , and b u s ta rd ,  an a c t i v i t y  w h ich  c o n tr ib u te s  up 
to  se ve n ty  p e r  c e n t o f  t o t a l  p e r  c a p ita  meat in ta k e .  Women s t i l l  fo ra g e  f o r  n a t iv e  fo o d s , 
though f a r  le s s  o f te n  th a n  th e y  d id  under t r a d i t i o n a l  c o n d it io n s ,  la r g e ly  because o f  the  
a v a i l a b i l i t y  o f  r a t io n s .  Even th e  most a c t iv e  c o l le c to r s  seldom go o u t more th a n  once a 
week, and many women r a r e ly  go. The r e tu r n  fro m  t h is  a c t i v i t y  i s  r e la t i v e l y  lo w , p ro b a b ly  
ab ou t f i v e  p e r  c e n t o f  t o t a l  fo o d  in ta k e  in  those  househo lds  where i t  i s  most im p o r ta n t.
P la n t C o l le c t in g  a t  E enda ije rum
Tlie b e s t a v a ila b le  d a ta  on A lyaw ara  p la n t  c o l le c t in g  are from  th e  s e tt le m e n t known as 
B end a ije ru m  o r  MacDonald Downs (Denham 1975 1978; O’ C o n n e ll 1977c). I n  1974-75 , t h is  com­
m u n ity  in c lu d e d  a European hom esteader and h is  fa m i ly  and about 100-125 A lyaw ara  and e a s te rn  
A randa. The European em ployed ab ou t 10-15 A b o r ig in e s  as stockm en and a ls o  d is t r ib u te d  r a ­
t io n s  and w e lfa re  checks and ra n  a s m a ll cash s to re .  Many o f  th e  A b o r ig in a l men hun ted  
r e g u la r ly  on fo o t  i n  the  a rea  im m e d ia te ly  around th e  s e tt le m e n t and by c a r  in  th e  g ra s s ­
lands 20 km to  th e  so u th w e s t. B o th  men and women c o l le c te d  p la n t  fo o d s , th e  women f a r  more 
o f t e n  th a n  th e  men.
P la n t c o l le c t in g  to o k  p la c e  in  th re e  m a jo r p la n t  com m unities o r  h a b ita ts  ( f ig u r e  5 .2 ) .  
M ulga w o o d la n d . The mulga w ood land com m unity cove rs  about s e v e n ty - f iv e - p e r c e n t o f  the  
a rea  w i t h in  10 km (tw o ho urs  w a lk in g  d is ta n c e )  o f  B end a ije ru m . Tlie dom inant sp e c ie s  is  
mulga (A c a c ia  a n e u r a ) , a low  sc ru bby  tre e  3-6 m h ig h ,  t y p i c a l l y  d is t r ib u te d  i n  dense l in e a r  
g roves 200-400 m lo n g  and 10-100 m w id e . Groves are  se p a ra te d  by  open la n e s , o r  " i n t e r ­
g ro v e s ,”  w h ich  a re  s e v e ra l tim e s  la r g e r  and cove red  b y  low  shrubs (e s p e c ia l ly  A . kem peana  
and C a s s ia  s p p .)  and g rasses ( e s p e c ia l ly  E r a g r o s t i s  e r io p o d a ,  P anicum  s p p ., and A s t r e b l a  
s p p . ) .
R i v e r i n e  f l o o d p l a i n .  B end a ije ru m  s i t s  between twro m a jo r w a te rc o u rs e s , Bundey and F ra z e r 
c re e k s , w h ich  ru n  to g e th e r  about 15 km n o r th e a s t o f  th e  s e tt le m e n t.  These stream s c a r ry  
r u n o f f  f o r  b r i e f  p e r io d s  a f t e r  r a in ,  b u t a re  o th e rw is e  d ry ,  a t  le a s t  on th e  s u r fa c e . T h e ir  
channe ls  a re  l in e d  w i th  g a l le r y  fo r e s ts  o f  r i v e r  re d  gum (E u c a ly p tu s  c a m a l d u l e n s i s ) , 
c o o lib a h  (E . m ia r o th e a a ) , and g h os t gum (E . p a p u a n a );  t h e i r  b road  f lo o d p la in s  cove red  by 
open p a rk  lands in  w h ich  ironw ood  (A c a c ia  e s t r o p h i o l a t a ) and c o o lib a h  tre e s  and v a r io u s  
grasses ( e s p e c ia l ly  P an icum  s p p .)  a re  p ro m in e n t e le m e n ts . T h is  com munity cove rs  tw e n ty - f iv e  
p e r  c e n t o f  th e  a rea  w i t h in  two ho urs  w a lk in g  d is ta n c e  o f  B end a ije ru m .
S a n d h i l l s . A p ro m in e n t sandstone r id g e  12 km n o r th  o f  B enda ije rum  marks the  so u th e rn  l i m i t  
o f  a b ro a d , r o l l i n g  sand p la in  w h ich  s tre tc h e s  more th a n  100 km n o r th  ac ross  th e  h e a r t  o f  
A lyaw ara  t e r r i t o r y .  The p r im a ry  p la n t  co ve r i s  s p in i f e x ,  a c o l le c t iv e  te rm  f o r  s e v e ra l
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sp e c ie s  o f  to u g h , s p ik y  tu sso ck  grasses (T r io d ia  s p p ., P le o tr a o h n e  s p p . ) .  The most common 
tre e s  are sc ru bby  a ca c ia s  and e u c a ly p ts ,  n o ta b ly  A . a n e u r a ,  c o r ia c e a ,  o o w lea n a ,  d i c t y o p h l e b a , 
and kem peana ,  and E. g a m o p h y lla  and p a c k y p h y l la .  Where the  c lim a x  community has been d is ­
tu rb e d , e s p e c ia l ly  by f i r e ,  bush p o ta to  ( Ipo m o ea  a o s t a t a ) , n a t iv e  tom ato ( So la n w n  s p p . ) ,  
and v a r io u s  grasses are  u s u a l ly  abundant. L o w - ly in g  a re a s , where r u n o f f  from  r id g e  l in e s  
and o th e r  h ig h  ground c o l le c ts  a f t e r  r a in ,  a re  covered  by dense stands o f  mulga woodland.
The s a n d h i l l  com munity i s  about two hours  w a lk in g  d is ta n c e  from  B end a ije ru m , b u t may be
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reached by c a r w i t h in  t h i r t y  m in u te s .
F ig u re  5 .2 . P la n t Comm unities ( h a b ita ts )  n e a r B enda ije rum  (MacDonald Downs). S ite  6 is  
in  th e  s a n d h i l l  community w est o f  the  a rea  cove red  by t h is  f ig u r e .
The c o n d it io n  o f  p la n t  re sou rce s  in  these  com m unities d u r in g  1974-75 is  summarized in  
f ig u r e  5 .3 . The da ta  a re  in co m p le te  in  th a t  n o t a l l  re so u rce s  were m o n ito re d  c o n s is te n t ly  
th ro u g h o u t t h i s  p e r io d ,  b u t th e  in fo rm a t io n  a v a ila b le  sh o u ld  be s u f f i c ie n t  f o r  t h is  d is c u s ­
s io n . Q u a n t i ta t iv e  ana lyses  o f  p la n t  c o l le c t in g  a re  based on a sample o f  n in e te e n  fo ra g in g  
e v e n ts , e ig h te e n  o f  w h ich  to o k  p la ce  between May 1974 and March 1975 ( ta b le  5 .A .2 ) .  The 
sample is  s m a ll,  re p re s e n t in g  o n ly  12%-15% o f  th e  e s tim a te d  100-125 c o l le c t in g  t r i p s  o r i g i ­
n a t in g  from  B enda ije rum  d u r in g  the  May-March in t e r v a l ;  and some o f  the  t r i p  re c o rd s  a re  
in co m p le te . S t i l l ,  ca su a l o b s e rv a t io n s  o f  c o l le c t in g  a c t i v i t i e s  o ve r a f iv e - y e a r  p e r io d
2. Though d is t in c t iv e  in  some re s p e c ts ,  v e g e ta t io n  on the  sandstone r id g e s  a t  the  
s o u th e rn  edge o f  the  s a n d h i l l  com munity ( f ig u r e  5 .2 )  can be c o n s id e re d  the  e q u iv a le n t o f  
th a t  in  the  l a t t e r  area  f o r  purposes o f  t h i s  a n a ly s is  (P e rry  1962).
Tem perature
R a in fa l l
Mulga woodland 
V ig n a  ro o ts
Solarium  f r u i t
A c a c ia  seeds
G rass, he rb  seeds
C oss id  la rv a e
1974 '
Jan - A pr May Jun J u l Aug Sep 
c o o l
: 1975
Oct Nov Dec Jan 
h o t
Feb Mar
H e a v ie s t ra in s G e n e ra lly  d r y ;  v e ry  l i g h t S c a tte re d  th u n d e r­ .No Heavy D ry ;
on re c o rd lo c a l  showers Aug and Sep showers; r a in  20% r a in r a in ; s c a tte re d
o f  a l l  days 50% o f showers
a l l 10?s o f
days a l l  days
R iv e r in e  f lo o d p la in  
C yp e ru s  conns 
A c a c ia  seeds 
E u c a ly p tu s  seeds 
G rass, h e rb  seeds
S a n d h il ls  
Ip o m o ea  ro o ts  
Solarium  f r u i t  
A c a c ia  seeds 
G rass, he rb  seeds
F ig u re  5 .3 . A v a i l a b i l i t y  o f  T r a d i t io n a l  P lan t. Foods in  P la n t Comm unities n e a r B en d a ije ru m , 1974-75. S o l id  h o r iz o n ta l  l in e s  
in d ic a te  p e r io d s  when re so u rce s  were observed to  be a v a ila b le ;  dashed l in e s  mark p e r io d s  when re so u rce s  were l i k e l y  to  be 
a v a ila b le  g ive n  r a i n f a l l  and te m p e ra tu re  c o n d it io n s .  X = is o la te d  o b s e rv a t io n s . .
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in  the  same area  have con v in ced  us th a t  the  sample is  b ro a d ly  re p re s e n ta t iv e .  I t  is  n o ta b ly  
e x c e p t io n a l o n ly  in  th a t  i t  in c lu d e s  a d is p ro p o r t io n a te  number o f  t r i p s  in  w h ich  a m o tor 
v e h ic le  was used f o r  t r a n s p o r ta t io n .  In  a l l  these  in s ta n c e s , th e  v e h ic le  was the  lo n g - 
w hee l-base Toyota  Land C ru is e r  b e lo n g in g  to  one o f  th e  a u th o rs . E xcept as o th e rw is e  i n d i ­
ca te d  in  th e  no tes  on ta b le  5 .A .2 , A lyaw ara  c o l le c to r s  i n i t i a t e d  th e  p la n n in g  f o r  these 
t r i p s  and made a l l  d e c is io n s  about d e s t in a t io n ,  ro u te ,  and le n g th  o f  s ta y  a t  th e  c o l le c t in g  
s i t e .  As we s h a l l  see , th e  use o f  the  v e h ic le ,  though u n u su a l, a c tu a l ly  enhances o u r un­
d e rs ta n d in g  o f  th e  p r in c ip le s  w h ich  u n d e r l ie  fo ra g in g  d e c is io n s  (see a ls o  W in te rh a ld e r , 
c h a p te r 4 , above).
Some a d d i t io n a l  comments on ta b le  5 .A .2 are in  o rd e r , hhen th e  v e h ic le  was used f o r  
t r a n s p o r ta t io n ,  th e  p a r ty  t ra v e le d  to  one o r  more s p e c if ic  fo ra g in g  s i t e s .  These a re  num­
bered on ta b le  5 .A .2 and keyed to  f ig u re  5 .2 .  When the  p a r ty  t ra v e le d  on fo o t ,  re sou rce s  
m ig h t be c o l le c te d  a t  any t im e ; thu s  a g e n e ra l a rea  ( e .g . ,  mulga woodland e a s t o f  B enda i- 
je ru m ) is  in d ic a te d  ra th e r  than  a s p e c i f ic  s i t e .  Number o f  c o l le c to r s  is  the  number o f  i n ­
d iv id u a ls  a c tu a l ly  engaged in  food  c o l le c t in g .  I f  o th e rs  were p re s e n t , as th e y  o f te n  w ere , 
th e y  a re  l i s t e d  in  the  no tes  on the  ta b le .  Main item s c o l le c te d  are  those  g a the red  and 
b ro u g h t back to  the  s e tt le m e n t.  O th e r re so u rce s  were o c c a s io n a lly  taken  in  sm a ll q u a n t i t ie s  
and e a te n  in  t l ie  f i e l d ;  these  to o  a re  l i s t e d  in  th e  n o te s . T o ta l t r i p  tim e  is  th a t  between 
the  tim e  the  p a r ty  l e f t  the  s e tt le m e n t and th e  tim e  i t  re tu rn e d . Time on s i t e  is  t o t a l  
t im e  spent a t  each c o l le c t in g  s i t e ;  t h i s  was n o t re co rd e d  f o r  t r i p s  made e n t i r e ly  on fo o t .  
P roce ss in g  tim e  i s  th a t  spen t p re p a r in g  re so u rce s  f o r  consum ption a f t e r  th e y  had been c o l ­
le c te d .  I t  in c lu d e s  c le a n in g , s e p a ra t io n  o f  seeds from  pods o r  c h a f f ,  g r in d in g ,  and coo k­
in g .  C a lo r ie s  p e r fo ra g e r  hour is  th e  average re tu rn  in  energy p e r u n i t  o f  tim e  spent 
t r a v e l in g ,  c o l le c t in g ,  and p ro c e s s in g .
D u rin g  la te  f a l l  and w in te r  (M a y -Ju ly ) 1974, p la n t  foods  were abundant in  a l l  h a b ita ts  
n e a r B enda ije rum  owing to  ve ry  heavy ra in s  d u r in g  the  p re ce d in g  summer. A lyaw ara women 
fo ra g e d  on fo o t  in  the  mulga woodland n o r th  and e a s t o f  th e  s e tt le m e n t,  some as o f te n  as 
once o r  tw ic e  a week. T h e ir  p r im a ry  ta r g e t  was V igna  la n c e o l a t a ,  o r  " n a t iv e  yam ," a c a r r o t ­
s iz e d  ro o t  found in  sm a ll numbers in  m o is t ,  w e ll-s h a d e d  spo ts  th ro u g h o u t the  a re a . They 
a ls o  c o l le c te d  two sp e c ie s  o f  l i z a r d  (A m p h ib o la ru s  s p . ,  V aranus  s p . ) ,  sm a ll q u a n t i t ie s  o f  
So la n u m  f r u i t ,  L y s ia n a  b e r r ie s ,  and te n d e r L e ic h h a r d t ia  le a v e s , a l l  whenever e n coun te re d . 
L e io h h a r d t ia  le a v e s , L y s ia n a  b e r r ie s ,  and most So la n u m  f r u i t  were e a ten  a t  the  c o l le c t in g  
s i t e ;  V igna  ro o ts  and l iz a r d s  were b ro u g h t back to  the  s e t t le m e n t,  as were S o la n u m  f r u i t  
i f  a v a ila b le  in  any q u a n t i ty  (sa y , more than  0 .5  k g ) .  V igna  and l iz a r d s  were ro a s te d  in  
th e  ashes o f  h e a r th s ; solanums were rubbed by hand to  remove any g r i t  and ea ten  w ith o u t 
f u r th e r  p re p a ra t io n .  T o ta l re tu rn s  f o r  these  t r i p s  were about 2 .5 -3 .0  kg p e r a c t iv e  c o l ­
le c to r ,  o r  a b ou t 0 .4  kg p e r c o l le c t o r - h r ,  in c lu d in g  t r a v e l ,  c o l le c t in g ,  and p ro c e s s in g
C o lle c to rs  v is i t e d  th e  f lo o d p la in  com munity f a r  le s s  o f te n .  O n ly one t r i p  (e ve n t 7) 
was re co rde d  in  th e  fo u r-m o n th  p e r io d  M ay-A ugust, and we do ub t th a t  more than  one o r  two 
o th e rs ,  i f  any , were ta ke n . The p r in c ip a l  ta r g e t  o f  th e  re co rde d  t r i p  was C yp eru s  s p . , a 
s m a ll corm ro u g h ly  th e  s iz e  o f  a s h a l lo t ,  fou nd  in  some abundance in  sm a ll pa tches where 
the  s o i l  is  f in e ,  m o is t ,  and w e l l  shaded. In  the  one in s ta n c e  o b se rved , f i v e  c o l le c to r s  
b ro u g h t 8 .0  kg back to  camp a f t e r  e ig h t  hours  t o t a l  tim e  in  the  f i e l d ,  f o r  an average o f  
1 .6  kg p e r c o l le c t o r ,  o r  0 .2  kg p e r c o l le c t o r - h r .
Whenever th e  e th n o g ra p h e r 's  v e h ic le  was a v a ila b le ,  women o rg a n ize d  t r ip s  to  lo c a t io n s  
in  th e  s a n d h i l l  com nun ity  n o r th  and w est o f  th e  s e tt le m e n t to  c o l le c t  Ip o m o ea , o r  "bush
106 Jam e s  F . O 'C o n n e l l / K r i s t e n  Hawkes
p o ta to , "  a la rg e  tu b e r  up to  1 .0  kg in  w e ig h t w h ich  is  common i n  d is tu rb e d  areas in  t h is  
h a b i t a t .  T h e ir  f a v o r i t e  c o l le c t in g  s p o t was a la rg e  abandoned cam psite  ( s i t e  1 ) ,  ab ou t 25 
km n o r th -n o r th w e s t o f  B end a ije ru m ; b u t on one o cca s io n  th e y  in s is te d  on t r a v e l in g  to  a s i t e  
on th e  Sandover R iv e r  (e ve n t 9 , s i t e  6 ) ,  95 km w es t o f  B enda ije rum  where th e y  th o u g h t 
Ipom oea  w ou ld  be p a r t i c u la r l y  abundant. On n e a r ly  a l l  these  t r i p s ,  c o l le c to r s  to o k  Solarium  
(esp . a e n .tr o .le J ,  V ig n a , L e ia h h a r d t ia  (b o th  f r u i t  and le a v e s ) ,  and V aranus  whenever encoun­
te re d . Son® Solarium  and a l l  L e ia h h a r d t ia  were e a ten  in  the  f i e l d  w ith o u t  p re p a ra t io n ,  w h ile  
Ip o m o ea , V ig n a , l i z a r d s ,  and S o la n u m  were b ro u g h t back to  camp. Ipom oea  were scraped w ith  
s t ic k s  o r  k n iv e s  o r  rubbed by hand to  remove g r i t ,  and cooked Tor 15-20 m inu tes  in  s m a ll,  
s p e c ia l ly  p re p a re d  ro a s t in g  p i t s .  The o th e r  re so u rce s  were t re a te d  as d e s c r ib e d  above.
The re tu r n  on these  t r i p s  was r e la t i v e l y  h ig h .  Average w e ig h t o f  a l l  foods b ro u g h t to  the  
s e tt le m e n t was 5 .5  kg p e r  c o l le c t o r ,  o r  ab ou t 0 .7  p e r  c o l le c t o r - h r .
T r ip s  to  th e  s a n d h i l ls  were a ls o  made under o th e r  c irc u m s ta n c e s . A lyaw ara  men occa­
s io n a l ly  v i s i t e d  these  areas w h ile  w o rk in g  as s tockm en, o r  when a c t in g  as gu ides o r  e th n o ­
g ra p h ic  in fo rm a n ts ,  o r  in  th e  cou rse  o f  in f r e q u e n t  lo n g -ra n g e  h u n t in g  t r i p s .  In  these  
s i t u a t io n s ,  th e y  c o l le c te d  Ip o m o ea  and So la n u m  whenever p o s s ib le ,  o f te n  in  s u b s ta n t ia l  
q u a n t i t ie s .  A ls o , in d iv id u a l  fa m i l ie s  sometimes a rra n g e d  t r i p s  to  the  s a n d h i l ls  in  t h e i r  
own v e h ic le s .  In  May 1974, f o r  exam ple, s e v e ra l fa m i l ie s  t ra v e le d  b y  c a r to  a s i t e  ne a r 
D e rry  Downs, 50 km n o r th  o f  B en d a ije ru m , where th e y  s ta y e d  more tha n  a week c o l le c t in g  
Ip o m o ea  and S o la n u m , b o th  o f  w h ich  were v e ry  abundant th e re .  When these  re so u rce s  were 
e xh a u s te d , th e  p e op le  re tu rn e d  to  B end a ije ru m . A lth o u g h  many A lyaw ara  own ca rs  o r  l i g h t  
t r u c k s ,  t r i p s  l i k e  t h is  a re  n o t  common because th e  v e h ic le s  a re  g e n e ra lly  in  p o o r c o n d it io n  
and are r i g h t l y  c o n s id e re d  u n r e l ia b le  on th e  b a d ly  m a in ta in e d  t ra c k s  one must t r a v e l  to  
reach th e  more p ro d u c t iv e  s a n d h i l l  p a tch e s .
From la te  w in te r  th ro u g h  midsummer (January  1975), w'omen c o n tin u e d  to  fo ra g e  p r im a r i ly  
in  mulga w ood land, g e n e ra lly  t r a v e l in g  on f o o t ,  b u t sometimes i n  th e  e th n o g ra p h e r 's  v e h ic le .  
T h e ir  p r im a ry  ta r g e t  was c o s s id  la rv a e ,  w h ich  th e y  dug fro m  th e  s h a llo w  ro o ts  o f  c a s s ia  and 
a c a c ia  s h ru b s . So la n u m  and l iz a r d s  w'ere a ls o  ta k e n , as was th e  o c c a s io n a l L e ia h h a r d t ia  
f r u i t .  The average re tu rn  from  these  t r i p s  was 1 .5  kg p e r  c o l le c t o r ,  o r  ab ou t 0 .2  kg p e r 
c o l le c to r - h r .
There were no v i s i t s  to  th e  f lo o d p la in s  d u r in g  t h i s  p e r io d ,  and o n ly  th re e  re co rd e d  
t r i p s  to  th e  s a n d h i l ls .  One (e ve n t 13) was made to  c o l le c t  th e  la rg e  b u t s t i l l  u n rip e n e d  
seeds o f  A . a o r ia e e a ',  and on a n o th e r (e ve n t 1 6 ), th e  ta r g e t  was So la n u m  a e n t r a l e .  Both 
t r i p s  were o rg a n iz e d  by th e  e th n o g ra p h e r. C o lle c to rs  were g iv e n  ch o ice  o f  h a b i ta t  and 
s i t e  on th e  f i r s t  t r i p ,  b u t s i t e  o n ly  on th e  second. The t h i r d  in c id e n t  (e ve n t 12) to o k  
p la c e  on a p la n t - c o l le c t in g  t r i p  o rg a n iz e d  f o r  b o ta n is t  P e te r  L a tz , when a s iz a b le  p a tc h  o f  
Ip o m o ea  was d is c o v e re d  u n e x p e c te d ly . Two o f  th e  men a c t in g  as gu id es  q u ic k ly  c o l le c te d
4 .0  kg o f  Ip o m o ea  and a s m a ll q u a n t i t y  o f  A . a o r ia a e a  seeds. T h is  was th e  o n ly  tim e  
Ipo m o ea  was c o l le c te d  t h a t  season.
D u rin g  Fe b ru a ry  1975, heavy ra in s  p re v e n te d  s u p p lie s  fro m  re a ch in g  B enda ije rum  f o r  
n e a r ly  two weeks, and r a t io n  s to c k s  bccame d e p le te d . In  response , women fo ra g e d  more 
f r e q u e n t ly ,  t h i s  tim e  e x c lu s iv e ly  in  mulga w oodland. Though the  e th n o g ra p h e r 's  v e h ic le  was 
a v a ila b le  a t  t h i s  t im e , roads were so w e t th a t  i t  c o u ld  n o t  be used. C oss id  la rv a e  were 
th e  p r in c ip a l  p re y , a lth o u g h  V ig n a  ro o ts  were c o l le c te d  a g a in  f o r  th e  f i r s t  tim e  s in c e  th e  
p re c e d in g  w in te r .
Summary
Though a d m it te d ly  l im i t e d ,  the se  o b s e rv a t io n s  p re s e n t us w i th  a v e ry  s t r i k i n g  f a c t .
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Of th e  e ig h t y - f iv e  p la n t  sp e c ie s  id e n t i f i e d  by th e  A lyaw ara as e d ib le ,  le s s  tha n  a dozen 
were c o l le c te d  d u r in g  the  s tu d y  p e r io d ,  and o f  th e s e , o n ly  th re e  (Ip o m o ea , V ig n a , and 
S o la n w n  c e n t r a l e ) were r e g u la r ly  take n  in  any q u a n t i t y .  The n e a r ly  com ple te  absence o f  
seeds from  th is  g roup is  most s u r p r is in g .  Of th e  t h i r t y - n in e  se e d -p rodu c ing  spe c ie s  on 
th e  t r a d i t io n a l  l i s t ,  o n ly  one - - A c a c ia  c o r i a c e a - - was e ve r c o l le c te d  by c h o ic e , and the n  
o n ly  d u r in g  a b r ie f  p e r io d  ju s t  b e fo re  th e  seeds became f u l l y  r ip e .  Two o th e r  spe c ie s  
were a ls o  ta ke n  (A . a n e u r a ,  eve n t 11; A . c o w le a n a , e ve n t 1 3 a ), b u t o n ly  because o f  th e  
e th n o g ra p h e r 's  re q u e s t f o r  a d e m o n s tra tio n  o f  p ro c e s s in g  and c o l le c t in g  te c h n iq u e s . A l ­
though th e  im po rtan ce  o f  seeds in  th e  p re -E uropean  d ie t  canno t be assessed in  s t r i c t l y  
q u a n t i t a t iv e  te rm s , e ve ry  know ledgeable  in fo rm a n t in s is t s  th a t  th e y  were ea ten  r e g u la r ly  
and in  s u b s ta n t ia l  q u a n t i t ie s .  T in d a le  (1974 1977 n .d . )  and o th e r  o b se rve rs  who v is i t e d  
th e  A lyaw ara under t r a d i t i o n a l  c o n d it io n s  make the  same o b s e rv a t io n . T h is  makes th e  re c e n t 
la c k  o f  a t te n t io n  to  seed resou rce s  a l l  th e  more rem arka b le .
The f a i l u r e  to  ta ke  seeds cannot be e x p la in e d  by la c k  o f  a v a i l a b i l i t y  o r  access. A t 
le a s t  f i v e  e d ib le  sp e c ie s  ( in c lu d in g  A c a c ia  a n e u ra  and kem p ea n a , E u c a ly p tu s  m ic r o th e c a ,  
E r a g r o s t i s  e r io p o d a ,  and P anicum  s p p .)  co u ld  have been c o l le c te d  w i th in  a 10-km ra d iu s  o f  
B end a ije ru m , and an a d d i t io n a l  fo u r  o r  more ( in c lu d in g  A c a c ia  co w le a n a  and d ic t y o p h le b a ,  
E r a g r o s t i s  s p p .,  P anicum  s p p .)  were w i t h in  easy reach by c a r .  M o reove r, th e  u n u s u a lly  
heavy ra in s  o f  la te  1973 and e a r ly  1974 had produced abundant seed c rops in  a l l  s p e c ie s , 
e s p e c ia l ly  th e  a c a c ia s . D if fe re n c e s  in  th e  p a la t a b i l i t y  o f  seeds r e la t iv e  to  o th e r  foods 
a re  a ls o  u n l ik e ly  to  p ro v id e  an e x p la n a t io n . Though we re c o g n iz e  th a t  c r o s s - c u l tu r a l  a s ­
sessments o f  ta s te  appea l can be m is le a d in g , one o f  us (JOC) w ou ld  argue th a t  seed paste  
is  a t  le a s t  as ta s t y  as Vigrvi o r  Ip o m o ea  ro o ts .  More im p o r ta n t,  th e  A lyaw ara  them selves 
ne ve r exp ressed any n e g a tiv e  a t t i t u d e s  tow a rd  seeds as fo o d . F in a l ly ,  we no te  th a t  the  
a v a i l a b i l i t y  o f  f l o u r  as a r a t io n  ite m  a ls o  f a i l s  to  e x p la in  t h i s  b e h a v io r tow ard  seeds.
As we s h a ll  show, seeds have been used in  th e  re c e n t p a s t when f lo u r  was as a v a ila b le  as 
i t  was d u r in g  1974-75.
We a re  l e f t  w i th  tw o in t r ig u in g  q u e s tio n s : Why ig n o re  seeds th a t  were t r a d i t i o n a l l y  
im p o r ta n t,  c u r r e n t ly  abundant, and im m e d ia te ly  a v a ila b le ,  in  fa v o r  o f  g ru b s , ro o ts ,  and 
f r u i t  th a t  were le s s  common and c o u ld  be take n  o n ly  by  w a lk in g  o r  d r iv in g  lo n g  d is ta n c e s ?  
Why ta ke  one seed sp e c ie s  (4 . c o r ia c e a )  found no le s s  tha n  25 km away ra th e r  than  s e v e ra l 
o th e rs  w h ich  were abundant le s s  than  one k i lo m e te r  from  th e  s e tt le m e n t?  We th in k  bo th  
q u e s tio n s  can be answered th ro u g h  an a p p l ic a t io n  o f  o p tim a l fo ra g in g  th e o ry .
O p tim a l Fo rag in g
The O p tim a l D ie t  Model
We use two models d e r iv e d  from  o p tim a l fo ra g in g  th e o ry  in  th e  a n a ly s is  o f  A lyaw ara 
p la n t  use. One d e s c r ib e s  o p tim a l d ie t  in  a u n ifo rm  o r  f in e -g ra in e d  e n v iro n m e n t; th e  o th e r  
p e r ta in s  to  c h o ice  o f  fo ra g in g  s i te s  o r  a reas in  a "p a tc h y "  o r  c o a rs e -g ra in e d  e n v iro n m e n t.^  
The o p tim a l d ie t  model p r e d ic ts  th a t  in  an area  o r  "p a tc h "  where re sou rce s  a re  en coun te re d
3. Both a re  rev iew ed in  d e t a i l  e lsew here  (see W in te rh a ld e r ,  c h a p te r 2 , above, and 
re fe re n c e s ) .  In  a p p ly in g  them h e re , we assume th a t  human h u n te rs  m axim ize energy re tu rn  
r e la t iv e  to  t im e  in v e s te d , and th a t  b e h a v io ra l o r  te c h n o lo g ic a l p ra c t ic e s  w h ich  in c re a s e  
th e  l ik e l ih o o d  o f  p ro c u r in g  a p a r t ic u la r  re sou rce  o r  reduce th e  tim e  re q u ire d  to  ta k e  th a t  
resou rce  w i l l  sp read . The f i r s t  o f  the se  assum ptions may seem in c o n s is te n t  w ith  the  com­
mon e th n o g ra p h ic  o b s e rv a t io n  th a t  h u n te rs  spend r e la t i v e ly  l i t t l e  tim e  on th e  foo d  q u e s t 
(Lee 1965; S a h lin s  1968 1972). However, ene rgy may be m axim ized e i t h e r  by ta k in g  the  
g re a te s t amount o f  ene rgy  p o s s ib le  in  th e  tim e  a v a ila b le ,  o r  by in v e s t in g  th e  le a s t  tim e  
necessary  to  o b ta in  g iv e n  amounts o f  energy (Schoener 1971). The l a t t e r  s t ra te g y  matches 
the  b e h a v io r observed among most modem h u n te rs .
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a t  random in  p ro p o r t io n  to  t h e i r  abundance, a p re d a to r  w i l l  ta ke  a re so u rce  ite m  o n ly  i f  
th e  re tu rn s  ga in ed  from  c o l le c t in g  and p ro c e s s in g , o r  " h a n d l in g , ”  i t  a re  g re a te r  tha n  those  
l i k e l y  to  be ga in ed  from  s e a rc h in g  f o r  and h a n d lin g  an ite m  o f  h ig h e r ra n k , th a t  i s ,  one 
w h ich  p roduces a b e t te r  r e tu rn  from  th e  in ve s tm e n t made in  c o l le c t in g  and p ro c e s s in g . I f  
th e  re tu rn  from  the  ite m  a t  hand is  le s s ,  the  model p r e d ic ts  th a t  i t  w i l l  be ig n o re d  and 
th a t  th e  p re d a to r  w i l l  co n tin u e  to  search  f o r  h ig h e r- ra n k e d  re s o u rc e s . I f  t im e  and energy 
are  used as c o n ve n ie n t measures o f  c o s ts  and b e n e f i t s ,  t h i s  means th a t  re so u rce s  a re  i n ­
c lu d e d  in  o r  e xc lu d e d  from  th e  d ie t  as a fu n c t io n  o f  (1) t h e i r  ra n k  in  term s o f  energy 
g a in  p e r  u n i t  o f  h a n d lin g  tim e  r e la t i v e  to  o th e r  re s o u rc e s ; and (2) th e  abundance o f  h ig h e r-  
ranked re s o u rc e s , o r ,  more p r e c is e ly ,  t h e i r  e n co u n te r r a te .  As t l ie  en co u n te r ra te  f o r  h ig h - 
ranked re so u rce s  goes up , lo w -ra n ke d  re sou rce s  w i l l  be e lim in a te d  from  th e  d ie t ,  and con­
v e r s e ly ,  re g a rd le s s  o f  th e  a b s o lu te  abundance o f  th e  lo w -ra n ke d  resources (M acA rthu r and 
P ianka 1966; Emlen 1966; Schoener 1971; Cham ov and O ria n s  1973; Pyke, e t  a l .  1977). A t 
th e  same t im e , even v e ry  ra re  re so u rce s  w i l l  be in c lu d e d  in  th e  d ie t ,  p ro v id e d  th e y  produce 
a r e la t i v e l y  h ig h  re tu rn  on h a n d lin g  tim e  (Royama 1970). The model a ls o  lead s  to  th e  e x ­
p e c ta t io n  th a t  fo ra g e rs  may re a c t q u ite  d i f f e r e n t l y  to  th e  same re s o u rc e , depending on th e  
c h a r a c te r is t ic s  o f  o th e r  re so u rce s  a v a ila b le  i n  a g iv e n  s i t u a t io n .
I f  A lyaw ara  c o l le c to r s  a re  fo ra g in g  o p t im a l ly ,  th e  re sou rce s  th e y  ta ke  in  each p a tch  
w i l l  depend on th e  r e la t iv e  energy re tu rn  p e r u n i t  o f  h a n d lin g  tim e  f o r  each re s o u rc e , and 
th e  average re tu rn  from  c o l le c t in g  i n  th a t  p a tc h . Any re sou rce  w h ich  y ie ld s  a re tu rn  on 
h a n d lin g  tim e  h ig h e r  tha n  th e  average re tu rn  f o r  th e  p a tc h  w i l l  be in c lu d e d  in  th e  d ie t ;  
any re sou rce  w ith  a lo w e r r e tu rn  w i l l  be e xc lu d e d . T h is  can be s ta te d  fo r m a l ly :
For a l l  item s in  th e  o p tim a l s e t ,
E * . / h .  2 E where '
i  v p
= ene rgy (k c a l)  p e r u n i t  w e ig h t (kg ) o f  re so u rce  i
h.£ = g a th e r in g  and p ro c e s s in g  tim e  {g^ + p ^ ,  in  h r )  f o r  each resou rce  i
E = E/(T + T + T }P s g p
E = t o t a l  energy in  re so u rce s  g a th e re d  p e r  c o l le c to r
Tg = t o t a l  sea rch  tim e  w i t h in  p a tch
T = t o t a l  g a th e r in g  tim e  p e r  c o l le c to r  f o r  a l l  re sou rce s  g a the red  .
Tp = t o t a l  p ro c e s s in g  tim e  p e r  c o l le c to r  f o r  a l l  re sou rce s  g a the red
I f  th e  e n co u n te r ra te  f o r  h ig h -ra n k e d  re sou rce s  goes down, then  sea rch  t im e  goes up , th e  
average re tu rn  f o r  t l ie  p a tc h  f a l l s ,  and new item s are  added as t h e i r  ra n k  E * ^ /h ^  e q ua ls  o r  
exceeds E , and c o n v e rs e ly  (Cham ov and O ria ns  1973; Cham ov 1976b; P u llia m  1974; Schoener 
1971; M acA rthu r and P ianka  1966; M a cA rthu r 1 9 7 2 ).^
Fo r purposes o f  t h is  d is c u s s io n , we assume th a t  d e s p ite  m in o r nonrandom v a r ia t io n  in  
the  d i s t r ib u t io n  o f  re s o u rc e s , th e  mulga woodland around B enda ije rum  can be co n s id e re d  a 
s in g le  p a tc h . S a n d h il l  h a b ita ts  a re  more com plex in  th a t  th e y  c o n ta in  r e la t i v e l y  s m a ll,  
bounded areas in  w h ich  th e  c lim a x  p la n t  community has been d is tu rb e d  by v a r io u s  processes 
(n o ta b ly  f i r e  o r  human o c c u p a tio n ) in  such a way as to  p e rm it th e  g row th  o f  p o te n t ia l  sub­
s is te n c e  re s o u rc e s , in c lu d in g  Ip o m o ea ,  So lo m o n  spp.., and v a r io u s  see d -p ro d u c in g  g ra sse s . 
These d is tu rb e d  areas are th e  focus o f  A lyaw ara  fo ra g in g  a c t i v i t i e s  in  the  s a n d h i l l  h a b i ta t ,
4 . Note th a t  t r a v e l  t im e  to  and fro m  the  p a tc h  i s  n o t  in c lu d e d  in  t h is  m odel. I f  i t  
w e re , one w ou ld  p r e d ic t  t h a t ,  a l l  e ls e  b e in g  e q u a l, in c re a s in g ly  lo w e r-ra n k e d  re sou rce s  
w ou ld  be added to  th e  d ie t  as t r a v e l  tim e  to  p a tc h  in c re a s e d . On th e  c o n t r a iy ,  fo ra g e rs  
sh o u ld  choose o n ly  th a t  s e t  o f  re so u rce s  w h ich  p roduces th e  b e s t r e tu rn  p e r u n i t  o f  tim e  
expended once th e y  e n te r  the  p a tc h , re g a rd le s s  o f  th e  d is ta n c e  t ra v e le d  to  re ach  the  
p a tc h .
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and are c a l le d  s a n d h i l l  -p a tch es  to  d is t in g u is h  them from  th e  c lim a x  g ra s s la n d , w h ich  is  
c o m p a ra tiv e ly  po o r in  re s o u rc e s . The sm a ll s tands o f  mulga w oodland found in  s a n d h i l l  
c o u n try  a re  a ls o  d is t in g u is h e d  as se p a ra te  p a tch e s . F lo o d p la in  h a b ita ts  are  n o t co n s id e re d  
in  t h is  d is c u s s io n  f o r  la c k  o f  d a ta .
Energy re tu rn s  p e r fo ra g e r-h o u r  (E ) in  mulga woodland and s a n d l i i l l  pa tches a re  l i s t e d  
in  ta b le  S .A .3 a lo n g  w i th  energy re tu rn s  p e r u n i t  o f  h a n d lin g  tim e  { E * ^ /h ^ )  f o r  each r e ­
source c o l le c te d .  E s tim a te s  o f  h a n d lin g  tim e  were d i f f i c u l t  to  d e r iv e  s in ce  th e  f i e l d  no tes  
d id  n o t  c o n s is te n t ly  se p a ra te  th is  v a lu e , e xce p t in  th e  case o f  seeds. N e v e r th e le s s , we 
have a r r iv e d  a t  rough b u t re asona b le  a p p ro x im a tio n s  o f  these  f ig u re s  by c o n s id e r in g  the  
g e n e ra l fe a tu re s  o f  each re so u rce  ( e .g . ,  average s iz e  o f  in d iv id u a l  u n it s )  and the  tim e  
l im i t s  suggested by th e  eve n ts  sam pled. These f ig u re s  a re  p re se n te d  in  ta b le  S .A .4. Com­
ments on t h e i r  d e r iv a t io n  a re  found in  the  no tes  f o r  th a t  ta b le .
Now c o n s id e r  th e  fo ra g in g  b e h a v io r in  each p a tch  ty p e . On e le ve n  v i s i t s  to  s a n d h i l l  
pa tches (e x c lu d in g  e ve n t 13a, a s e e d -p ro ce ss in g  d e m o n s tra t io n ) , energy re tu rn s  ranged from  
about 750-5 ,200 k c a l p e r fo r a g e r -h r  s e a rc h in g , c o l le c t in g ,  and p ro c e s s in g . E ig h t v i s i t s  
produced re tu rn s  in  2 ,0 0 0 -4 ,0 0 0  k c a l- p e r - h r  range . Resources taken  in  q u a n t i ty  were Ipo m o ea  
r o o ts ,  S o la n u m  f r u i t s ,  and u n ripen ed  A. o o r ia c e a  seeds. In  each in s ta n c e , re tu rn s  p e r u n i t  
o f  h a n d lin g  tim e  f o r  th e  re sou rce  were w e l l  above the  average re tu rn s  f o r  th e  p a tc h . A l ­
though s e v e ra l sp e c ie s  o f  r ip e  seeds were a v a ila b le  in  these  pa tches (see f ig u r e  5 .3 ) and 
o f te n  e n co u n te re d , th e y  were ne ve r take n  because re tu rn s  from  o th e r ,  h ig h e r- ra n k e d  resources 
ne ve r f e l l  low  enough. A . c o r ia c e a  seeds (e ven t 13b) were c o l le c te d  o n ly  in  th e  b r ie f  
p e r io d  a f t e r  th e y  reached maximum s iz e  and b e fo re  the y  ha rdened , when h a n d lin g  tim e  is  
r e la t i v e l y  low  and ene rgy  re tu rn s  c o r re s p o n d in g ly  h ig h . Fo rag in g  b e h a v io r in  t h is  h a b i ta t  
is  c le a r ly  c o n s is te n t  w ith  the  p re d ic t io n s  o f  the  o p tim a l d ie t  m odel.
R e tu rns from  fo ra g in g  in  mulga woodland are  low  compared w ith  those  from  the  s a n d h i l ls .
T o ta ls  f o r  ten  in c id e n ts  ranged ab ou t 200-800 k c a l p e r fo r a g e r -h r  in  p a tc h , and in  a l l  b u t
one case th e y  were le s s  than  600 k c a l p e r h r .  V igna  r o o ts ,  c o s s id  la rv a e ,  and l iz a r d s
(A m p h ib o la i 'u s , V a r a n u s ) , a l l  o f  w h ich  have E * - /h -  va lue s  g re a te r  than  1 ,4 00 , were th e  p r in -
5c ip a l  re so u rce s  ta ke n . W ith  one e x c e p tio n  (e ve n t 11, a c o l le c t in g  d e m o n s tra tio n ) , r ip e  
seeds were ig n o re d  e n t i r e ly  even though E va lu e s  in  e ig h t  o f  th e  n in e  o th e r  cases were 
equa l t o  o r  le s s  than  those  to  be ga in ed  from  h a n d lin g  seeds (500-600 k c a l / h r ) . T h is  sug­
ge s ts  th a t  fo ra g e rs  would  have been a c t in g  more e f f i c i e n t l y  by in c lu d in g  these  re sou rce s  
in  t h e i r  d ie t ,  e s p e c ia l ly  in  the  s p r in g  (O ctober-N ovem ber) when a ca c ia  seeds were e x tre m e ly  
abundant in  th e  area  im m e d ia te ly  around B end a ije ru m . In  o th e r  w ords, A lyaw ara  fo ra g in g  be­
h a v io r  in  these  e ig h t  eve n ts  f a i l s  to  f i t  th e  o p tim a l d ie t  p r e d ic t io n  about the  th re s h o ld  
a t  w hich lo w e r-ra n k e d  re sou rce s  w i l l  be added.^
5. The s h i f t  fro m  V igna  t o  c o s s id  la rv a e  in  la te  w in te r  and back a g a in  in  la te  summer 
deserves s p e c ia l comment h e re , in  th a t  i t  p ro b a b ly  r e f le c t s  s m a ll b u t im p o rta n t v a r ia t io n s  
in  e n co u n te r ra te  and fo ra g e r  sea rch  p a t te rn s .  V igna  ro o ts  a re  marked above ground by a 
d is t in c t iv e  v in e  w h ich  f lo u r is h e s  d u r in g  w et p e r io d s , b u t d ie s  back as c o n d it io n s  become 
d r ie r ,  m aking th e  ro o ts  more d i f f i c u l t  t o  lo c a te .  G rubs, on th e  o th e r  hand, a re  found in  
th e  s h a llo w  la t e r a l  ro o ts  o f  a ca c ia s  and c a s s ia s ,  w hich a re  ha rd  to  sp o t when the  s o i l  is  
m o is t . As i t  d r ie s ,  however, f in e  c ra cks  appear on the  s u r fa c e  ju s t  above th e  ro o t  l i n e ,  
and a re  e a s i ly  seen by exp e rie n ce d  c o l le c to r s .  D u rin g  the  f i r s t  few months a f t e r  th e  heavy 
ra in s  o f  summer and e a r ly  f a l l ,  1974, fo ra g e rs  to o k  V ig n a ,  b u t no g ru b s . As the  ground 
d r ie d  d u r in g  m id w in te r , V igna  became p ro g re s s iv e ly  more d i f f i c u l t  to  f in d ,  even though the  
ro o ts  them selves were s t i l l  p re s e n t . Fo ragers  a p p a re n tly  re a c te d  by s h i f t i n g  t h e i r  a t t e n ­
t io n  to  g ru b s . T h is  p a t te rn  c o n tin u e d  t i l l  the  fo llo w d n g  summer when th e  heavy ra in s  o f  
m id -F e b ru a ry  prom pted renewed grow th  in  V ig n a .  As soon as the  v in e s  became v i s ib le ,  c o l ­
le c to r s  began ta k in g  t h is  re so u rce  a g a in .
6 . I t  i s  in te r e s t in g  to  n o te  th a t  more k in d s  o f  re so u rce s  a re  c o n s is te n t ly  c o l le c te d  
i n  the  mulga woodland th a n  in  the  s a n d h i l ls .  T h is  exp ans ion  in  d ie t  d iv e r s i t y  where average 
re tu rn s  p e r  fo ra g e r  a re  lo w e r is  the  p a t te r n  p re d ic te d  by the  o p tim a l d ie t  m odel.
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One e x p la n a t io n  f o r  t h i s  a p p a re n t in c o n s is te n c y  is  th a t  th e  c o s t o f  c o l le c t in g  seeds 
has been u n d e re s tim a te d , a t  le a s t  i n  t h is  p a r t i c u la r  s i t u a t io n .  D u rin g  1974-75 , th e  s ta n ­
d a rd  p la n t - c o l le c t in g  k i t  m a in ta in e d  by women a t  B enda ije rum  in c lu d e d  a m e ta l d ig g in g  s t ic k  
and one o r  more c a r ry in g  d e v ic e s , such as a wooden t r a y ,  p la s t ic  b u c k e t, b i l l y  can , o r  some 
c o m b in a tio n  o f  th e se . W ith  t h is  k i t ,  a woman c o u ld  c o l le c t  and p rocess ro o ts ,  bu rro w in g  
l iz a r d s ,  and c o s s id  la rv a e ,  b u t n o t seeds. The m anu fac tu re  and m aintenance o f  s e e d -g r in d in g  
to o ls  w ou ld  have in c re a s e d  th e  c o s t o f  h a n d lin g  seeds, a t  le a s t  i n i t i a l l y .
I f  t h i s  were t r u e ,  we w ou ld  e xp e c t t h a t  where th e  e n co u n te r ra te  f o r  h ig h e r- ra n k e d  r e ­
sources was lo w e r , o r  fo ra g in g  a c t i v i t y  more in te n s iv e  (a fa c t o r  w h ich  w ou ld  b o th  d e p le te  
th e  h ig h -ra n k e d  re sou rce s  a n d  sp read  th e  c o s t o f  m a in ta in in g  se e d -p ro ce ss in g  gear o v e r a 
la r g e r  number o f  c o l le c t in g  in c id e n ts ) ,  seeds w ou ld  e n te r  the  d ie t .  In  t h is  c o n n e c tio n , 
i t  i s  in te r e s t in g  to  n o te  th a t  se e d -p ro ce ss in g  to o ls  a re  common in  househo ld  camp d e b ris  
a t  G urlanda B, an abandoned s e tt le m e n t t h i r t y  k ilo m e te rs  n o rth w e s t o f  B enda ije rum  ( f ig u r e  
5 .2 ) ,  o ccu p ied  in  1971-73. Because o f  th e  d is ta n c e  to  th e  s to re  and th e  l im i t e d  a v a i la ­
b i l i t y  o f  r e l i a b le  t r a n s p o r t  (Denham, n . d . ) ,  re s id e n ts  o f  th is  s e tt le m e n t had no re g u la r  
d a i ly  access to  European fo o d s , though  th e y  s t i l l  re c e iv e d  w eek ly  r a t io n s ,  in c lu d in g  f lo u r .  
They may have r e l ie d  more h e a v i ly  on n a t iv e  p la n t  re so u rce s  tha n  d id  th e  p e op le  a t  B enda i­
je ru m , b u t ,  more im p o r ta n t,  th e  abundance o f  these  re so u rce s  had been reduced by d ro u g h t 
c o n d it io n s  w h ich  had p re v a i le d  in  t h is  p a r t  o f  c e n t ra l  A u s t r a l ia  f o r  s e v e ra l y e a rs  (Denham, 
n . d . ) .  Under these  c irc u m s ta n c e s , energy re tu rn s  fro m  th e  s a n d h i l l  and m ulga woodland 
pa tches  around G urlanda p ro b a b ly  f e l l  low  enough th a t  i t  became e f f i c i e n t  to  ta k e  seeds.
As th e  p re c e d in g  d is c u s s io n  has in d ic a te d ,  th e  d rop  need n o t  have been f a r  be low  1974-75 
le v e ls  to  make the se  re so u rce s  p a r t  o f  th e  o p tim a l d ie t .  Though th e  d a ta  a re  l im i t e d ,  th e y  
sug ges t th a t  A lyaw ara  fo ra g in g  b e h a v io r  may be e x p la in e d  by a c o s t - b e n e f i t  a n a ly s is  w h ich  
adds th e  c o s t o f  m a n u fa c tu r in g  and m a in ta in in g  p ro c e s s in g  gear to  th e  v a r ia b le s  o f  th e  op­
t im a l d ie t  m odel.
These same d a ta  a ls o  in d ic a te  why seeds were so im p o rta n t in  th e  t r a d i t io n a l  d ie t .
In  th e  absence o f  European fo o d s , th e  p re s s u re  on n a t iv e  p la n t  re so u rce s  w ou ld  have been 
much g re a te r .  M o reove r, c o l le c to r s  can a p p a re n tly  d e p le te  c e r ta in  h ig h -ra n k e d  re sou rce s  
w i th  s u r p r is in g  speed, even in  a good y e a r. In  th e  n e x t s e c t io n ,  f o r  exam ple, we suggest 
th a t  Ip o m o ea  may have been c ropped c o m p le te ly  from  a o n e -k ilo m e te r -s q u a re  p a tc h  a f t e r  o n ly  
th re e  v i s i t s  by c o l le c to r s .  G iven t h i s ,  i t  sh o u ld  n o t be s u r p r is in g  th a t  seeds were a 
c e n t r a l  e lem en t in  p a s t d ie t s .
The P atch  Choice Model
Now c o n s id e r  a second c lo s e ly  r e la te d  q u e s t io n . In  s i t u a t io n s  where re so u rce s  a re  
d i f f e r e n t i a l l y  d is t r ib u te d  in  k in d  and q u a n t i t y  among a s e r ie s  o f  h a b ita ts  o r  p a tc h e s , as 
i s  th e  case a t  B e n d a ije ru m , how do fo ra g e rs  de c id e  w h ich  pa tches  to  e x p lo it?  O p tim a l f o r ­
a g in g  th e o ry  p r e d ic ts  th a t  under such c irc u m s ta n c e s , c o l le c to r s  w i l l  o p e ra te  in  th a t  p a tch  
o r  s e t  o f  pa tches  w h ich  p roduces th e  b e s t r e tu rn  in  energy f o r  tim e  spe n t t r a v e l in g  to  th e  
p a tc h , s e a rc h in g  i t ,  and g a th e r in g  and p ro c e s s in g  the  re so u rce s  found th e re  (C ham ov and 
O ria ns  1973; M acA rthu r and P ianka  1966; Pyke, e t  a l .  1977; O ria ns  and Pearson 1977).
S ta te d  fo r m a l ly ,  fo ra g e rs  w i l l  m axim ize E , where
En = E /< T t  + T s  + Tg  + V  '
E = t o t a l  ene rgy ga in ed  fro m  a l l  re so u rce s  g a th e re d  p e r c o l le c to r
= t o t a l  t r a v e l  tim e  to  and from  th e  p a tch
and Ts ,  T ^ , and I a re  d e f in e d  as above. W ith in  each p a tc h , re so u rce  e x p lo i t a t io n  sh o u ld  
fo l lo w  th e  p r e d ic t io n s  o f  th e  f in e - g r a in ,  random e n co u n te r m odel. As r e la t iv e  re tu rn s
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from  d i f f e r e n t  pa tches change o ve r tim e  ( e .g . ,  w i th  th e  seasons, o r  as the  fo ra g e r  d e p le te s  
re s o u rc e s ) , th e  o p tim a l cho ice  w i l l  change a c c o rd in g ly .
I f  A lyaw ara fo ra g in g  b e h a v io r is  c o n s is te n t  w ith  the  o p tim a l d ie t  m odel, we m ig h t e x ­
p e c t i t  to  f i t  the  p a tch  ch o ice  model as w e l l .  E n  va lu e s  f o r  s ix  t r i p s  to  s a n d h i l l  pa tches 
a lon e  range about 800-1 ,950  k c a l p e r fo r a g e r -h r  (events  2, 4 , 9 , 12 -13 , 16; see ta b le
5 .A .2 ) .  A l l  these  t r i p s  in v o lv e d  the  use o f  th e  e th n o g ra p h e r 's  v e h ic le  f o r  t r a n s p o r t .
E ig h t t r i p s  to  mulga woodland a lone  y ie ld e d  o n ly  250-850 k c a l p e r fo r a g e r -h r  (even ts  5 -6 , 
10 -11 , 14 -15 , 1 7 -1 8 ) . Three o f  these t r i p s  were by c a r ;  the  o th e r  f iv e  were on fo o t .
These f ig u re s  suggest t h a t  fo ra g e rs  o p e ra t in g  from  B enda ije rum  sh o u ld  v i s i t  the  s a n d h i l ls  
whenever th e y  have access to  m o tor v e h ic le s .^  On n in e  occa s io ns  when th e  e tlin o g ra p h ic  
v e h ic le  was a v a ila b le ,  a n d  th e  c h o ice  o f  d e s t in a t io n  l e f t  e n t i r e ly  to  th e  fo ra g e rs ,  th e y  
e le c te d  to  t r a v e l  to  s a n d h i l l  pa tches f iv e  t im e s .
Among these  f i v e ,  eve n ts  8 and 9 m e r i t  s p e c ia l comment. E vent 8 was th e  t h i r d  occa ­
s io n  a f t e r  th e  b e g in n in g  o f  the  1974-75 s tu d y  p e r io d  th a t  fo ra g e rs  had v is i t e d  s i t e  1 , an
abandoned s e tt le m e n t tw e n ty - f iv e  k ilo m e te rs  n o r th  o f  B end a ije ru m . On th e  f i r s t  t r i p
. 7
(e ven t 2, ta b le  5 .A .3 ) ,  th e y  g a th e re d  5 .0  kg o f  Ipo m o ea  p e r c o l le c to r  in  a 500-m^ a re a , 
f o r  a r e tu rn  o f  more than  5,200 k c a l p e r hour spen t s e a rc h in g , g a th e r in g , and p ro c e s s in g .
On subsequent t r i p s ,  re tu rn s  f e l l  be low  2,600 k c a l p e r ho u r s e a rc h in g  and h a n d lin g , and
2
the  area searched s te a d i ly  in c re a se d  to  more tha n  60,000 m . On th e  a fte rn o o n  o f  e ve n t 8, 
fo ra g e rs  abandoned the  sea rch  f o r  Ipo m o ea  and w alked to  a nearby p a tch  o f  mulga where th e y  
c o l le c te d  v ig n a .  The n e x t tim e  th e y  had access to  th e  v e h ic le ,  th e y  t ra v e le d  n o t to  s i t e
1, b u t to  s i t e  6 , n in e t y - f i v e  k ilo m e te rs  w est on the  Sandover.
A lth o u g h  the  d a ta  are a d m it te d ly  s le n d e r ,  we su sp ec t fo ra g e rs  had exhausted Ipom oea  
a t  s i t e  1 by m idday on the  t h i r d  t r i p ,  o r  a t  le a s t  reduced i t s  abundance to  the  p o in t  th a t  
Vigv.a  in  th e  a d ja c e n t p a tch  became th e  o p tim a l c h o ic e . I f  so , the  subsequent t r i p  to  s i t e
6 makes sense. H aving d e p le te d  one s a n d h i l l  p a tc h , fo ra g e rs  then  s h i f te d  t h e i r  a t te n t io n
■ 8 to  a n o th e r more d is ta n t  one, where re tu rn s  were b e t te r .
Now l e t  us exam ine the  fo u r  cases w h ich  seem to  be in c o n s is te n t  w ith  th e  p a tch  ch o ice
m ode l.
E v e n t  3a . Fo ragers t ra v e le d  to  an is o la te d  p a tch  o f  mulga woodland ( s i t e  2 ) ,  lo c a te d  about 
tw e n ty  k ilo m e te rs  n o r th  o f  B end a ije ru m , w e l l  in s id e  th e  s a n d h i l l  h a b i ta t .  There th e y  spen t 
more th a n  an hour se a rc h in g  f o r  V ig n a  and l i z a r d s ,  b u t w ith  l i t t l e  success. The take  was 
b a re ly  200 k c a l p e r fo r a g e r -h r  s e a rc h in g  and h a n d lin g  ( ta b le  5 .A .3 ) . En ro u te  back to  the  
s e tt le m e n t,  th e y  s topped to  c o l le c t  Ip o m o ea  in  a s a n d h i l l  p a tc h  (e ve n t 3b, s i t e  3) th a t  
th e y  a l l  knew w e l l  and th ro u g h  w h ich  th e y  had passed en ro u te  to  th e  m ulga. There the
7. In  s p i te  o f  th e  fa c t  th a t  the  s a n d h i l l  h a b ita t  is  9 km, o r  about two hours  w a lk  
fro m  B end a ije ru m , fo ra g e rs  m ig h t s t i l l  be expected  to  t r a v e l  th e re  on fo o t  r a th e r  than  
o p e ra te  in  mulga w ood land, a t  le a s t  under c e r ta in  c irc u m s ta n c e s . Assuming th e  average r e ­
tu rn  (En ) from  fo ra g in g  in  mulga woodland is  500 k c a l p e r h r ,  a t r i p  to  th e  s a n d h i l ls  
w ould  have to  y ie ld  b e t te r  than  4 ,000 k c a l in  an e ig h t-h o u r  p e r io d  to  surpass the  y ie ld  
fro m  th e  same tim e  sp e n t in  th e  m ulga. The average Ep v a lu e  f o r  s a n d h i l l  pa tches l i s t e d  
in  ta b le  5 .3  is  about 2 ,900 k c a l p e r  h r ,  w h ich  means th a t  fo ra g e rs  c o u ld  t r a v e l  up to  
3.25 hours  (ca . 16 km) to  reach such a p a tc h , spend no more than  1.5 hours  s e a rch in g  and 
c o l le c t in g ,  and s t i l l  g a in  an En  g re a te r  than  540 k c a l p e r h r .  S t i l l ,  A lyaw ara fo ra g e rs  
ne ver t ra v e le d  to  th e  s a n d h i l ls  on fo o t  from  B enda ije rum  d u r in g  th e  s tu d y  p e r io d . U hether 
t h is  r e f le c t s  a f a i lu r e  to  con form  to  th e  p re d ic t io n s  o f  th e  p a tch  c h o ice  model o r  the  
absence o f  p ro d u c t iv e  s a n d h i l l  pa tches w i th in  a 3 .0 -3 .5 -h o u r  ra d iu s  o f  B enda ije rum  is  n o t 
c le a r ,  though f o r  reasons o u t l in e d  la t e r  in  th e  t e x t ,  we susp ec t th a t  s u ita b le  pa tches 
were in  fa c t  n o t  p re s e n t.
8 . I f  we a re  r i g h t ,  these  two in te rp a tc h  moves a re  c o n s is te n t  w ith  th e  p r e d ic t io n s  
o f  C ham ov 's  (1976a) m a rg in a l v a lu e  theorem  (see W in te rh a ld e r ,  c h a p te r  2 , above).
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take  was more th a n  2,300 k c a l p e r  c o l le c t o r - h r  on s i t e ,  o r  about 2 ,000 k c a l p e r h r ,  c o u n t­
in g  p ro c e s s in g . M oreover, i t  had been le s s  than  a month s in c e  members o f  the  same p a r ty  
had v is i t e d  a n o th e r s a n d h i l l  p a tc h  ( s i t e  1, e ve n t 2 ) ,  le s s  tha n  f iv e  k ilo m e te rs  beyond the  
m u lga, where th e y  ga in ed  th e  5 ,2 0 0 -k c a l- p e r -h r  r e tu rn  m entioned above. As re c o rd s  o f  sub ­
sequent v i s i t s  to  t h is  s i t e  (e ve n ts  4, 8a) c le a r ly  show, th e re  was s t i l l  much more to  be 
c o l le c te d  th e re . Even i f  V ig n a  had been so abundant in  th e  mulga p a tch  as to  re q u ire  no 
s e a rch , th e  b e s t r e tu rn  p o s s ib le  w ou ld  have been no b e t t e r  tha n  1,700 k c a l p e r h r ,  somewhat 
le s s  th a n  th a t  a v a ila b le  i n  a d ja c e n t s a n d h i l l  p a tch e s .
F o rag e r b e h a v io r in  t h is  in s ta n c e  m ig h t be seen as an a tte m p t to  o b ta in  in fo rm a t io n  
on re so u rce  c o n d it io n s  as an a id  to  p la n n in g  fu tu r e  t r i p s .  Fo ragers  c e r t a in ly  knew th a t  
Ipom oea  w ou ld  u l t im a te ly  be exh aus te d  in  pa tches  n e a r B e n d a ije ru m , and, when i t  was, i n ­
fo rm a tio n  on th e  a v a i l a b i l i t y  o f  a l te r n a te  re so u rce s  w ou ld  have been e s s e n t ia l  to  fu tu re  
p la n n in g . Reconnaissance v i s i t s  l i k e  the se  are to  be e xp e c te d , even though the  im m edia te  
re tu rn s  may o f te n  be c o m p a ra tiv e ly  lo w . As J .  Maynard S m ith  (1978:34) says : "O p tim a l b e ­
h a v io r  depends on a knowledge o f  th e  e n v iro n m e n t, w h ich  can o n ly  be a c q u ire d  by e x p e rie n c e ; 
t h is  means th a t  in  o rd e r  to  a c q u ire  in fo rm a t io n  o f  v a lu e  in  the  lo n g  ru n , an an im a l may 
have to  behave in  a way w h ich  i s  i n e f f i c i e n t  in  th e  s h o r t  ru n ”  (s e e ‘a ls o  H itc h c o c k  and 
E b e rt 1980).
E v e n ts  15 a n d  17 . The e x c e p tio n s  in  th e  case o f  e ve n ts  15 and 17 may be more appa re n t 
th a n  r e a l .  We n o te  th a t  from  A ugust th ro u g h  December, energy re tu rn s  from  g r u b - c o l le c t in g  
t r i p s  in  mulga woodland n e a rby  do u b le d  r e la t i v e  to  tim e  spe n t se a rc h in g  and g a th e r in g  
( ta b le  5 .A .5 ) .  T h is  p ro b a b ly  r e f le c t s  a re d u c t io n  b o th  in  sea rch  tim e  as lo c a l  s o i ls  d r ie d  
and c ra cked  o v e r g r u b - in fe s te d  r o o ts ,  and in  h a n d lin g  tim e  as grubs grew in  s iz e  tow ard  
th e  end o f  th e  la r v a l  s tag e  (T in d a le  1953). By m id-Novem ber, fo ra g e rs  c o u ld  p ro b a b ly  have 
expected  average re tu rn s  g r e a te r  th a n  800 k c a l p e r o n - s i te  ho u r in  th e  mulga ne a r B enda i- 
je ru in . I f  we assume th e y  c o u ld  re ach  p ro d u c t iv e  a reas in  an h o u r 's  t r a v e l  t im e , and th a t  
th e y  c o u ld  a n t ic ip a te  a t  le a s t  fo u r  hours  tim e  on s i t e  c o l le c t in g ,  th e  minimum r e tu r n  w ou ld  
have been 3,200 k c a l p e r c o l l e c t o r - t r i p ,  o r  about 533 k c a l p e r  c o l le c t o r - h r  [E ) .  '
T r ip s  to  s a n d h i l l  pa tches  e a r l i e r  in  th e  y e a r c e r t a in ly  p roduced b e t te r  r e s u l t s .  On 
fo u r  occa s io ns  fro m  June th ro u g h  A ugust ( ta b le  5 .A . 3 ) ,  re tu rn s  from  Ipo m o ea  a lo n e  averaged 
about 2 ,700 k c a l p e r  c o l le c t o r - h r  on s i t e ,  o r  about 2 ,300 k c a l p e r c o l le c t o r - h r ,  c o u n tin g  
p ro c e s s in g . A t t h i s  r a te ,  c o l le c to r s  c o u ld  have d r iv e n  2 .5  ho u rs  each w ay, sp e n t o n ly  1 .5 
hours  on th e  p a tc h , and s t i l l  ga in ed  a n e t r e tu r n  b e t t e r  th a n  530 k c a l p e r  h o u r, in c lu d in g  
p ro c e s s in g  tim e . Even i f  th e  t r i p  were ex tended to  n in e  hours  (a t  o r  ne a r the  maximum f o r  
b o th  th e  e th n o g ra p h e r and th e  A ly a w a ra ), 2 .2  ho u rs  c o l le c t in g  w ou ld  have y ie ld e d  an En  r e ­
tu r n  g re a te r  th a n  560 k c a l p e r  h r ,  and a t o t a l  t r i p  r e tu r n  g re a te r  th a n  5 ,000 k c a l.  T h is  
a llo w s  about 3 .4  ho urs  t r a v e l  tim e  each way. I f  fo ra g e rs  had ta rg e te d  S o la n u m  o e n t r a l e , 
and lo c a te d  a p a tc h  w h ich  p roduced a t  th e  same ra te  as d id  those  v is i t e d  on 28 December 
1974 ( ta b le  5 .A .3 ) ,  th e y  c o u ld  have t ra v e le d  more th a n  3.75 ho u rs  to  re ach  th e  p a tc h , c o l ­
le c te d  f o r  le s s  tha n  1 .5  h o u rs , and s t i l l  g a in ed  b e t t e r  th a n  650 k c a l p e r  h r ,  o r  about
6,000 k c a l t o t a l  f o r  th e  t r i p .
H ie  p ro b le m  l ie s  in  f in d in g  th e  a p p ro p r ia te  p a tc h . As we have a lre a d y  s a id ,  Ipom oea  
and S o la n u m  a re  n o t  u n ifo rm ly  o r  random ly d is t r ib u te d  i n  th e  s a n d h i l l  h a b i t a t ,  b u t are 
fou nd  in  abundance o n ly  in  d is tu rb e d  a re a s , such as r e c e n t ly  abandoned h a b i ta t io n  s i te s  o r  
l o c a l i t i e s  swept by bush f i r e s .  There were o n ly  two o f  th e  fo rm e r in  s a n d h i l l  c o u n try  
n e a r B end a ije ru m . As we have a lre a d y  m en tioned , one ( s i t e  1) may have been c le a re d  o f  
Ipo m o ea  by m id -J u ly .  The o th e r  (G u rlanda) was seldom  v is i t e d  f o r  fe a r  o f  dangerous s p i r i t s ,
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and in  any case had been so th o ro u g h ly  searched d u r in g  th e  yea rs  i t  was occu p ied  th a t  i t
9 • •may n o t have had s u f f ic i e n t  tim e  to  re c o v e r. F ir e -s c a r re d  s i te s  a t  v a r io u s  s u c c e s s io n a l
s tag es  a re  found th ro u g h o u t s a n d h i l l  c o u n try ,  b u t a re  d i f f i c u l t  to  m o n ito r . O nly one ro a d ,
b a re ly  p a ssab le  by  fo u r -w h e e l-d r iv e  v e h ic le ,  t ra n s e c ts  th e  s a n d h i l ls  d i r e c t l y  n o r th  o f
s i t e  1 , and i t  i s  seldom t ra v e le d .  Though Ipo m o ea  and S o la n u m  were p ro b a b ly  common a t
some s i te s  w i t h in  3 .5 -4 .0  hours  b y  t ru c k  from  B end a ije ru m , a c tu a l ly  l o c a t i n g  one in  th a t
tim e  w ou ld  have been a chancy b u s in e s s . The f a c t  th a t  c o l le c to r s  were w i l l i n g  to  t r a v e l
th re e  ho urs  to  a s i t e  95 k i lo m e te rs  w e s t o f  B enda ije rum  (e ve n t 9) seems to  us an in d ic a t io n
o f  th e  r is k s  in v o lv e d  in  fo ra g in g  in  th e  s a n d h i l ls  n o r th  o f  s i t e  1.
G iven t h i s  l in e  o f  re a s o n in g , i t  sh o u ld  n o t be s u r p r is in g  th a t  fo ra g e rs  c o l le c te d  in  
th e  s a n d h i l ls  o n ly  th re e  tim es a f t e r  A u g u s t, tw ic e  in  th e  cou rse  o f  t r i p s  in  w h ich  the  
d e s t in a t io n  was de te rm in ed  by th e  e th n o g ra p h e r (e ve n ts  12, 1 6 ), once when th e y  e v id e n t ly  
chose a s i t e  on th e  b a s is  o f  in fo rm a t io n  ga in ed  on a p re v io u s  t r i p  (e ven t 1 3 ). W ith o u t 
such in fo rm a t io n ,  fo ra g e rs  were more assured  o f  a good r e tu r n  in  mulga w ood land , even i f  
th e y  had access to  a v e h ic le ;  o r  a t  le a s t  so th e  d a ta  sug ges t,
E v e n t 1 0 . On th e  o cca s io n  o f  e ve n t 10, women used th e  e th n o g ra p h e r’ s t ru c k  to  reach a 
g r u b - c o l le c t in g  s i t e  in  mulga c o u n try ,  b u t re cove re d  o n ly  418 k c a l p e r c o l le c t o r - h r  f o r  
the  e n t i r e  t r i p .  S ince  th e  e ve n t to o k  p la c e  a f t e r  th e  a p pa re n t d e p le t io n  o f  n e a rb y , w e l l -  
known s a n d h i l l  p a tc h e s , i t  i s  c o n s is te n t  w i th  th e  argument j u s t  o u t l in e d  f o r  e ve n ts  15 and 
17. The im p l ic a t io n  is  t h a t  th e  a n t ic ip a te d  e n coun te r r a te  f o r  h ig h -ra n k e d  s a n d h i l l  r e ­
sources was v e ry  low  indeed .
Sum m ary. A lth o u g h  th e  d a ta  a re  few , A lyaw ara  fo ra g in g  b e h a v io r seems to  f i t  th e  p a tch  
c h o ice  model f a i r l y  w e l l .  On n in e  occa s io ns  in  w h ich  fo ra g e rs  had f re e  access to  the  
e th n o g ra p h e r 's  v e h ic le ,  th e y  made what appear to  have been o p tim a l ch o ice s  co n ce rn in g  
p a tch  type  a t  le a s t  f i v e  t im e s , and p o s s ib ly  as many as e ig h t  t im e s . Even th e  n in th  case 
(e ve n t 3) can be seen as c o n s is te n t  w ith  th e  m odel, when the  need to  g a th e r in fo rm a t io n  on 
re sou rce  c o n d it io n  is  co n s id e re d . We conc lude  th a t  o p tim a l fo ra g in g  th e o r) ' is  l i k e l y  to  
p ro v id e  a u s e fu l fram ework in  w h ich  to  c o n s id e r  A lyaw ara  s u b s is te n c e  s t ra te g y  and t a c t ic s .  
C e r ta in ly  i t  m e r its  a more com prehensive t e s t .  The a n a ly s is  a ls o  shows th a t  the  presence 
o f  m o tor v e h ic le s  (and o th e r  item s o f  European te c h n o lo g ) ')  need n o t i n h i b i t  th e  in v e s t ig a ­
t io n  o f  h u n te r -g a th e re r  e co lo g y . In  t h is  case , th e  v e h ic le  s im p ly  added to  th e  range o f  
fo ra g in g  o p t io n s  open to  th e  A lya w a ra , th e re b y  e n r ic h in g  the  "e x p e r im e n ta l"  d im ensions o f  
th e  s i t u a t io n .
Some G enera l Im p lic a t io n s
To t h is  p o in t ,  we have c o n fin e d  o u r d is c u s s io n  o f  h u n te r -g a th e re r  su b s is te n c e  p ra c ­
t ic e s  and o p tim a l fo ra g in g  to  th e  A lyaw ara  case . We now tu r n  b r i e f l y  to  two more g e n e ra l 
is s u e s : re g io n a l v a r ia t io n  in  d ie t ,  and lo n g - te rm  change in  d ie t  and p a tch  use among 
A u s t ra l ia n  A b o r ig in e s .
R eg io na l V a r ia t io n  i n  D ie t
A com parison o f  th e  l i s t s  o f  p la n t  foods used by v a r io u s  c e n t r a l  A u s t ra l ia n  t r ib e s
9. The G urlanda l o c a l i t y ,  w h ich  in c lu d e s  fo u r  se p a ra te  s i te s  (Z , A -C ), was occup ied  
from  1969 to  1973. A l l  s i t e s  show ev ide nce  th a t  seeds were e x p lo ite d  d u r in g  o c c u p a tio n , 
w h ich  im p lie s  heavy p re ssu re  on h ig h e r- ra n k e d  re s o u rc e s . Each s i t e  was abandoned because 
o f  th e  d e a th  o f  one o f  i t s  o ccu p a n ts , a common p r a c t ic e  among A u s t ra l ia n  A b o r ig in e s . The 
de a th  w h ich  le d  to  th e  abandonment o f  s i t e  C, th e  l a s t  s i t e  o cc u p ie d , was o f  a p a r t i c u la r l y  
i n f l u e n t i a l  s e n io r  man, and in fo rm a n ts  were o p e n ly  a f r a id  o f  v i s i t i n g  t h is  s i t e  o r  the  
su rro u n d in g  a re a , l e s t  th e y  p rovoke th e  man’ s s p i r i t .
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shows th a t  c e r ta in  sp e c ie s  common th ro u g h o u t t h is  re g io n  were h e a v i ly  e x p lo ite d  by some 
groups b u t ig n o re d  by o th e rs .  Examples in c lu d e  na rdoo (M a r s i le a  s p p . ) ,  w h ich  p roduces a 
s e e d lik e  spo roca rp  o f te n  i d e n t i f i e d  as a s ta p le  so u th  o f  th e  M acdonne ll Ranges, 200-400 
k i lo m e te rs  sou th  o f  A lyaw ara  t e r r i t o r y  (Home and A is to n  1924 :5 2 -5 7 ; Spencer 19 28 :34 -35 ; 
Worsnop 1 8 9 7 :8 1 -8 2 ); and ironw ood  and d e a d f in is h  (A c a c ia  e s t r i c p h i o l a t a  and t e t r a g o n o p h y l la ) ,  
th e  seeds o f  w h ich  were used by  th e  W a lb ir i  and o th e rs  i n  and around the  Tanami D e s e rt, 
200-300 k i lo m e te rs  w es t o f  A lyaw ara  c o u n try  (M e g g itt  195 7 :143 1 9 6 2 :5 ). A l l  th re e  spe c ie s  
a re  fou nd  in  the  upper Sandover and Bundey r i v e r  d ra in a g e s , b u t none a re  i d e n t i f i e d  th e re  
as e d ib le .  Nardoo even la c k s  a s p e c i f ic  A lyaw ara  name. I t  seems u n l ik e ly  th a t  the  
A lyaw ara  f a i l  to  re co g n ize  th e  p o te n t ia l  u t i l i t y  o f  these  p la n ts ,  e s p e c ia l ly  s in c e  many 
a re  w e l l  aware o f  t h e i r  use among o th e r  g roups . In  s p i te  o f  t h i s ,  th e y  m a in ta in  th a t  the  
p la n ts  a re  "n o t fo o d " and r e fe r  to  th o se  who e a t them as u r ru p a n a  o r  "p o o r b u g g e rs ."  . 
S im ila r  d if fe re n c e s  in  th e  use o f  p la n ts  a re  re p o rte d  on an even la r g e r ,  s u b c o n tin e n ta l 
s c a le  by C olson (1 971 ), Lawrence (1 9 6 8 ), and M e g g itt  (1 964 ). G o lson , f o r  exam ple, says 
th a t  as many as f o r t y - f i v e  sp e c ie s  o f  t re e  and g rass seeds ta ke n  by c e n t r a l  A u s t ra l ia n  
groups a rc  ig n o re d  by the  n a t iv e s  o f  Arnhem Land, even though common th e re .
These d if fe re n c e s  c o u ld  be a t t r ib u te d  to  c u l t u r a l  p re fe re n c e  b u t  t h i s  begs th e  ques­
t io n .  We suggest th a t  i n  these  and o th e r  s im i la r  cases , p la n ts  a re  in c lu d e d  in  o r  o m it te d  
from  th e  l i s t  o f  sp e c ie s  c u l t u r a l l y  d e s ig n a te d  as e d ib le  on the  b a s is  o f  th e  same c r i t e r i a  
w h ich  d e te rm in e  o p tim a l d ie t ,  i . e . ,  n e t  re tu rn s  on h a n d lin g  tim e  and the  abundance and 
a c c e s s ib i l i t y  o f  h ig h e r- ra n k e d  re s o u rc e s . I f  h ig h -ra n k e d  re so u rce s  are  so abundant th a t  
re tu rn s  n e ve r f a l l  to  th e  p o in t  where i t  becomes e f f i c i e n t  to  in c lu d e  lo w e r-ra n k e d  item s 
in  th e  d ie t ,  th e re  is  no reason to  d e f in e  the  l a t t e r  as fo o d , a l l  e ls e  b e in g  e q u a l. I f  
t h i s  h y p o th e s is  were v a l id ,  we w ou ld  e xp ec t t h a t  a sp e c ie s  common in  two areas b u t ea ten  
i n  o n ly  one w ou ld  have r e la t i v e l y  h ig h  g a th e r in g  and p ro c e s s in g  c o s ts .  We w ou ld  a ls o  e x ­
p e c t th a t  lo w e r -c o s t re so u rce s  were more common in  th e  a rea  where th e  sp e c ie s  in  q u e s tio n  
was n o t used. I t  is  in t e r e s t in g  in  t h is  l i g h t  to  r e c a l l  S pen ce r's  (1928:35) rem arks on 
n a rdoo . He n o te s  th a t  i t  i s  h e a v i ly  used by th e  Urabunna and D ie r i  a round Lake E y re , b u t 
ig n o re d  by th e  A ru n ta  (A randa) f a r t h e r  n o r th  in  fa v o r  o f  manyeroo (P o r tu la c a  o l e r a c e a ,  an 
im p o rta n t A lyaw ara  seed fo o d ) ,  "p ro b a b ly  because [ th e  l a t t e r ]  i s  more common and more 
e a s i ly  c o l le c te d . "  S pen ce r's  o b s e rv a t io n  i s  a n e c d o ta l, b u t c o n s is te n t  w i th  e x p e c ta t io n s .
I t  w ou ld  be most in t e r e s t in g  to  pu rsue  t h is  l i n e  o f  argument f u r t h e r ,  n o t o n ly  in  A u s t r a l ia ,  
b u t w ith  d a ta  from  o th e r  h u n te r -g a th e re rs ,  such as the  IKung, among whom d ie t a r y  d if fe re n c e s  
o f  t h i s  typ e  are  w e l l  documented ( e .g . ,  Lee 1979).
Long-Term  Change in  D ie t  and Land Use
In  re c e n t y e a rs , an in t e r e s t in g  c o n tro v e rs y  has deve loped o ve r th e  p a t te rn  and ra te  
o f  human c o lo n iz a t io n  o f  A u s t r a l ia .  B i r d s e l l  (1957) o r ig in a l l y  a rgued th a t  w i t h in  f iv e  
thousand yea rs  a f t e r  man’ s i n i t i a l  la n d in g ,  an e ve n t now th o u g h t to  have take n  p la c e  a t  
le a s t  f i f t y  thousand ye a rs  ago (Jones 1979; W hite  and O 'C o n n e ll 19 79 ), a l l  p a r ts  o f  the  
c o n t in e n t ,  in c lu d in g  the  c o n t in e n ta l is la n d s  o f  New Guinea and Tasm ania , were a lre a d y  
p o p u la te d  a t  le v e ls  a p p roa ch ing  those  re co rd e d  a t  th e  t im e  o f  European c o n ta c t .  T h is  id e a  
seems to  have been accep ted  t a c i t l y  by  p r e h is to r ia n s ,  who u n t i l  r e c e n t ly  t r e a te d  th e  a rc h e ­
o lo g ic a l  re c o rd  as i f  i t  p ro v id e d  in c o m p le te  b u t p la u s ib le  s u p p o rt f o r  B i r d s e l l 's  p o s it io n  
( e .g . ,  Jones 1973:281; M ulvaney 19 7 5 :1 6 1 ).
B ow dler (1977) has c h a lle n g e d  t h is  l i n e  by a rg u in g  t h a t  th e  a v a ila b le  a rc h e o lo g ic a l 
d a ta  a re  b e t te r  seen as showing th a t  th e  e a r l ie s t  A u s t ra l ia n s  o ccu p ie d  c o a s ta l and r iv e r in e  
h a b ita ts  f i r s t ,  and o n ly  la t e r  moved to  o th e r  a re a s , in c lu d in g  the  a r id  c e n t r a l  d e s e r t ,
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p ro b a b ly  a f t e r  15,000 BP. Jones (1979) r i g h t l y  rem arks th a t  a lth o u g h  o c c u p a tio n  o f  the  
c o n t in e n ta l co re  is  indeed  la te  (no e a r l i e r  tha n  10 ,000 BP on p re s e n t e v id e n ce ; see Gould 
1977), th e  a rc h e o lo g ic a l re c o rd  shows th a t  s e v e ra l areas w h ich  were n e ith e r  c o a s ta l n o r 
r iv e r in e  were in h a b ite d  b e fo re  20,000 BP, in c lu d in g  the  m ounta ins o f  New Guinea and e a s t 
c e n t r a l  Queensland (W h ite , e t  a l .  1970; M ulvaney and Joyce 1965), th e  N u lla rb o r  P la in  o f  
sou th  A u s t r a l ia  (W rig h t 1971), and p a r ts  o f  sou thw es te rn  A u s t r a l ia  (D o rtch  1976). Jones 
and B ow dler agree th a t  th e re  is  p ro b a b ly  a ca u sa l c o n n e c tio n  between th e  b e g in n in g  o f  a 
p e r io d  o f  w idesp rea d  a r i d i t y  da ted  1 6 ,000 -17 ,500  BP (B o w le r, e t  a l .  1976), the  f i r s t  use 
o f  seeds, as ev idenced  by th e  d is c o v e ry  o f  g r in d in g  to o ls  in  1 5 ,0 0 0 -1 8 ,0 0 0 -y e a r-o ld  d e p o s its  
in  w es te i'n  New South Wales and Arnhem Land (A l le n  1972 1974; Kamminga and A l le n  1973, c i t e d  
in  B ow dler 1 9 7 7 :2 3 5 -3 6 ), and the  i n i t i a l  o cc u p a tio n  o f  the  c e n t r a l  d e s e r t ,  b u t th e y  are n o t 
s p e c i f ic  about th e  d e ta i ls  o f  t h is  r e la t io n s h ip .
O p tim a l fo ra g in g  th e o ry  g ive s  us some in s ig h t  in t o  th e  p rocesses w h ich  m ig h t have 
been o p e ra t in g  in  t h is  s i t u a t io n .  We sug ges t th a t  on la n d in g , A u s t ra l ia n  A b o r ig in e s  f i r s t  
occu p ied  o n ly  those h a b ita ts  w h ich  p roduced th e  b e s t r e tu r n  f o r  fo ra g in g  e f f o r t .  More 
p r e c is e ly ,  th e  o rd e r in  w h ich  h a b ita ts  o r  h a b i ta t  type s  were occu p ied  sho u ld  have v a r ie d  
d i r e c t l y  w ith  th e  n e t energy ga in ed  from  e x p lo i t in g  them, and in v e r s e ly  w i th  t h e i r  d is ta n c e  
fro m  the  o r ig in a l  la n d in g  p o in t ( s ) .  H a b ita ts  in  w h ich  energy re tu rn s  were c o m p a ra tiv e ly  
low  sh o u ld  have rem ained unoccup ied  u n t i l  r e tu rn s  in  " b e t t e r "  h a b ita ts  f e l l  to  the  same 
le v e l  (F re tw e ll  and Lucas 1969). Movement in t o  new h a b ita ts  sh o u ld  have been a fu n c t io n  
o f  (a ) p o p u la t io n  in c re a s e  w h ich  d e p le te d  re sou rce s  in  occu p ied  h a b ita ts  to  th e  p o in t  where 
such movement became more e f f i c i e n t ,  o r  (b ) c l im a t ic  o r  o th e r  e n v iro n m e n ta l change w h ich  
e i t h e r  d i f f e r e n t i a l l y  reduced re tu rn s  in  th e  occu p ied  h a b i ta ts ,  o r  in c re a se d  those  a v a i l ­
a b le  in  the  unoccupied ones. W ith in  each h a b i t a t ,  re sou rce s  sho u ld  have been e x p lo i te d  in  
o rd e r o f  n e t r e tu rn  on h a n d lin g  t im e , h ig h e s t- ra n k e d  re so u rce s  f i r s t .  The same p a t te rn  
s h o u ld  be e v id e n t on a c o n t in e n ta l s c a le  as w e l l ,  i . e . ,  lo w -c o s t /h ig h - re tu m  re sou rce s  
take n  r e la t i v e l y  e a r ly  in  the  p a s t,  h ig h - c o s t / lo w - r e tu m  re sou rce s  r e la t i v e ly  la t e r .  A g a in , 
d e p le t io n  o f  h ig h -ra n k e d  re so u rce s  th ro u g h  p o p u la t io n  grow th  o r  e n v iro n m e n ta l change sh o u ld  
have been the  c r i t i c a l  f a c t o r  fo r c in g  in c re a s e d  d ie t  b re a d th .
A l l  t h is  means th a t  a lth o u g h  c o a s ta l and r iv e r in e  h a b ita ts  may have been among th e  
f i r s t  o ccu p ie d , i t  need n o t have been to  the  e x c lu s io n  o f  o th e r  h a b i ta ts ,  n o r need i t  have 
been the  r e s u l t  o f  a "p re a d a p ta t io n "  to  a q u a t ic  re s o u rc e s , as B ow dler (1977:221) im p l ie s .  
Energy budgets  a re  more l i k e l y  to  have been im p o rta n t he re  tha n  any presumed t r a d i t i o n a l  
economic o r ie n ta t io n .  On th e  o th e r  hand, these  same p r o p o s it io n s  a re  c o n s is te n t w ith  
B o w d le r1s s u g g e s tio n  th a t  c e n t r a l  A u s t r a l ia  was unoccup ied  u n t i l  q u ite  la te .  In  l i g h t  o f  
the  A lyaw ara  d a ta , i t  seems u n l ik e ly  th a t  A b o r ig in e s  c o u ld  have l iv e d  th e re  ( c e r ta in ly  n o t 
a t  th e  d e n s it ie s  re co rde d  h i s t o r i c a l l y )  u n le ss  th e y  had access to  seeds, w h ich  sh o u ld  a ls o  
be la t e .  We propose th a t  th e  on se t o f  a r id  c o n d it io n s  17 ,000 -18 ,000  BP le d  to  c r i t i c a l  
re d u c tio n s  in  th e  abundance o f  h ig h -ra n k e d  foods and fa v o re d  th e  a d o p tio n  o f  more expensive  
ite m s , in c lu d in g  seeds. Once th e  te ch n o lo g y  f o r  p ro c e s s in g  seeds was a v a ila b le ,  i t  was 
p o s s ib le  f o r  A b o r ig in e s  to  move to  p r e v io u s ly  u n in h a b ite d  o r  s p a rs e ly  in h a b ite d  p a r ts  o f  
th e  c o n t in e n t .  I t  i s  c o n s is te n t  w i th  e x p e c ta t io n s  based on th e  o p tim a l d ie t  model th a t  
seeds were su b se q u e n tly  th e  f i r s t  re so u rce s  dropped from  th e  d ie t  when European ra t io n s  
(w h ich  a re  h ig h  ranked in  c o s t - b e n e f i t  te rm s r e la t i v e  to  n a t iv e  re so u rce s ) became a v a ila b le  
in  q u a n t i t y .
I t  is  in te r e s t in g  to  n o te  th a t  cycads (M aorozam ia  s p p .,  C yaas s p p . ) ,  a seasona l s ta p le  
in  many areas o f  t r o p ic a l  A u s t r a l ia ,  b u t one w h ich  may be even more expens ive  than  seeds
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because o f  th e  e la b o ra te  p rocess ing , i t  r e q u ire s ,  f i r s t  appears i n  the  A u s t ra l ia n  d ie t  even 
la t e r  th a n  seeds, p o s s ib ly  as la te  as 5 ,000 BP (Beaton 1977). T h is  a ls o  seems c o n s is te n t 
w i th  e x p e c ta t io n s  based on th e  o p tim a l d ie t  m odel. We wonder how w id e ly  t h is  model can be 
a p p lie d  i n  th e  e x p la n a tio n  o f  lo n g - te rm  changes i n  d ie t ,  in c lu d in g  those  in v o lv in g  the  
a d o p tio n  o f  d o m e s tica te s .
Summary
We began t h is  c h a p te r by a s k in g  why th e  A lyaw ara  had e f f e c t i v e ly  s topped e a t in g  n a t iv e  
grass and t re e  seeds, re so u rce s  w h ich  had been s ta p le s  in  th e  t r a d i t io n a l  d ie t  and w h ich  
c o n tin u e  to  be lo c a l l y  abundant to d a y . A n a ly s is  o f  th e  a v a ila b le  d a ta  on modem p la n t  
c o l le c t in g  p ra c t ic e s  s t r o n g ly  suggests th a t  t h i s  b e h a v io r  can be u n de rs tood  in  term s o f  
a model o f  o p tim a l d ie t  d e r iv e d  fro m  th e  th e o ry  o f  o p t im a l fo ra g in g .  I t  f u r t h e r  suggests 
th a t  th e  c h o ice  o f  lo c a t io n  in  w h ich  to  sea rch  f o r  p la n t  foods can be e x p la in e d  in  term s 
o f  a second model ( i . e . ,  p a tc h -c h o ic e )  a ls o  d e r iv e d  fro m  t h i s  th e o ry . H aving  p re se n te d  
t h is  argum ent, we th e n  c o n s id e re d  i t s  im p l ic a t io n s  f o r  th e  e x p la n a tio n  o f  s y n c h ro n ic  and 
d ia c h ro n ic  v a r i a b i l i t y  in  seed use by  A u s t ra l ia n  A b o r ig in e s . A lth o u g h  o u r tre a tm e n t was 
c u rs o ry ,  i t  was s u f f ic i e n t  to  sug ges t t h a t  o p tim a l fo ra g in g  th e o ry  may p ro v id e  a u s e fu l 
means o f  in v e s t ig a t in g  such v a r i a b i l i t y .
O v e r a l l ,  t h i s  d is c u s s io n  p ro v id e s  e m p ir ic a l su p p o rt f o r  th e  argument th a t  h u n te r -  
g a th e re r  s u b s is te n ce  p r a c t ic e s  can be v iew ed p r o f i t a b ly  i n  term s o f  th e  same g e n e ra l ' 
th e o ry  now b e in g  a p p lie d  by e v o lu t io n a ry  e c o lo g is ts  to  the  s tu d y  o f  fe e d in g  s t ra te g ie s  
among nonhuman o rgan ism s. T h is  does n o t  mean th a t  such th e o ry  w i l l  n e c e s s a r i ly  p ro v id e  
com plete  and com prehensive e x p la n a tio n s  f o r  th e  f u l l  range o f  fo ra g in g  p ra c t ic e s  observed 
o r  in f e r r e d  f o r  p a s t and p re s e n t h u n te rs . O th e r s o c ia l  and c u l t u r a l  v a r ia b le s  w i l l  c e r ­
t a in ly  have s t r u c tu re d  these  p r a c t ic e s  to  a s ig n i f i c a n t  degree . The v a lu e  o f  such th e o ry  
l i e s  in  i t s  r o le  as a re fe re n c e  d im e n s io n , as a sou rce  o f  te s ta b le  hypotheses abou t the  
o rg a n iz a t io n  o f  s u b s is te n c e - re la te d  b e h a v io r  i n  a w ide  range o f  e n v iro n m e n ta l, te c h n o lo g i­
c a l ,  and s o c ia l  c irc u m s ta n ce s . By t e s t in g  such h yp o the ses , we sh o u ld  be a b le  to  d is t in g u is h  
tho se  asp ec ts  o f  b e h a v io r m o tiv a te d  by th e  p r in c ip le s  o f  o p tim a l fo ra g in g  from  those  w h ich  
a re  shaped by o th e r  v a r ia b le s ,  and, h a v in g  is o la te d  the  l a t t e r ,  seek e x p la n a tio n s  f o r  them 
in  o th e r  te rm s .
T a b le  S . A . l
Some A n im a l a n d  P l a n t  F oods o f  t h e  A ly c w a ra
A p p en d ix
ANIMALS
Mammals (> IS  s p e c ie s )
Red kangaroo 
Euro o r  w a lla ro o  
Hare w a lla b y  
N a i l - t a i le d  w a lla b y  
Rat kangaroo 
B and icoo ts
B ru s h - ta i le d  possum
B ird s  (> 10 s p e c ie s )
Emu
P la in s  b u s ta rd
R e p t ile s  (> S sp e c ie s )
P i r e n t i  
Sand goanna
C arp e t py th on
In s e c ts  (> 5 sp e c ie s ) 
W it c h i t t y  grubs
PLANTS
Seed p roduce rs  (39 s p e c ie s ) 
A cac ias
K u rra j ong




Root p roduce rs  (S sp e c ie s )
Bush p o ta to  
N a tiv e  yam
F r u i t  p roduce rs  (27 sp e c ie s )
N a tiv e  plum 
N a tiv e  oranges 
K onkaberry 
Solanurns
M e g a le ia  r u fa  
M acropus r o b u s tu s  
L a g o r c h e s te s  spp. 
O n y ch o g a le a  sp. 
B e t t o n g i a  spp. 
P e r a m e le s  sp.
M a a r o tis  l a g o t i s  
T r ic h o s ia ’us v u lp e o u la
D rom aius n o v a e - h o l la n d ia e  
E u p o d o t is  a u s t r a l i s
V aranus g ig a n te u s  
V. g o u l d i i  
A m p h ib o la ru s  sp. 
A s p i d i t e s  sp .
C o s s id a e  ( la r v a e ,  p ro b a b ly  
X y le u te s  s p .)
A c a c ia  spp. , esp . a n e u r a ,  kem peana , 
c o r ia c e a ,  co w lea n a y  d i c t y o p h le b a  
B r a c h y c h i to n  g r e g o r i i  
E u c a ly p tu s  s p p .,  esp . m ic r o th e c a  
C henopodium  spp.
E r a g r o s t i s  e r io p o d a ,  l e p to c a r p a  
P an icum  a u s t r a l i e n s e ,  d e co m p o s itio n  
P o r tu la c a  o le r a c e a
Ipom oea  c o s t a t a  
V ig n a  la n c e o la ta
C a n th iu m  l a t i f o l i u m  
C a p p a r is  spp.
C a r is s a  la n c e o la ta  
S o la n u m  s p p .,  esp . c e n t r a l e
N ote : F ig u re s  in  pa ren these s  in d ic a te  the  t o t a l  number o f  sp e c ie s  id e n t i f i e d  as e d ib le .  
Named ta xa  are  those  m ost o f te n  m entioned by in fo rm a n ts  in  response to  q u e s tio n s  about p re -  
European d ie t .  Most p la n t  sp e c ie s  l i s t e d  were p ro b a b ly  s ta p le s .  S ources: O 'C o n n e ll,  L a tz , 
and B a m e tt ,  n . d . ;  A lle n  Newsome, p e rs o n a l com m unica tion.
Tab l e  5 .  A . 2
Q u a n t i t a t i v e  D a ta  on  Some P l a n t  C o l l e c t i n g  T r ip s  O r i g i n a t i n g  a t  B e n d a ije r u m , 19 7  Z - 75
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So la n u m  c e n t r a l e 2 0 0 0 2992
Ipom oea 5 0 0 5 1563
V igna 0 13 0 0 862
V aranus 0 13 0 0 1050
Ipom oea 2 3 0 23 1563.
Ipom oea 8 9 0 89 1563
V igna 2 14 0 0 862
A m p h ib o la ru s 0 14 0 0 1050
V aranus 0 07 0 0 1050
V igna 2 25 0 0 862
S . o f . e l l i p t i c u m 0 25 0 0 508
A m p h ib o la ru s 0 13 0 0 1050
V aranus 0 38 0 0 1050







8a 15 J u l 74 SH
8b 15 J u l 74 MW
9 10 Aug 74 SH
10 22 Aug 74 MW
‘ 11 7 Oct 74 MW
'12 23 Oct 74 SH
'13a 7 Nov 74 SH
13b 7 Nov 74 SH
13c 7 Nov 74 SH
14 14 Nov 74 NtV
15 15 Nov 74 MW
'16a . 28 Dec 74 SH
16b 28 Dec 74 SH
17 30 Dec 74 MW
18 19 Feb 75 MW
19 27 Feb 75 MW
50 8 .0  V 3 .0  
0.6
190 9 .0  V 3 .0  
25 6 .75  V 4 .5
25 4 .5  V 3 .5
60 4 .5  V 1 .5  
60 5 .0  V 0.25 
1.0
0.33
6 .0  F
30 7 .0  V 5 .0
45 3 .5  V 1 .0
0.75
30 5 .5  V 4 .5


















8 Ipom oea 5 .5 0 .55 1563
6 V igna 0 .33 0 .0 862
7 Ipom oea 5 .0 0 .5 1563
7 C o ss id a e 1 .0 0 .0 2600
A m p h ib o la ru s 0.14 0 .0 1050
V aranus 0.07 0 .0 1050
2 A c a c ia  a n e u ra 0 .5 2 .0 3778
5 C o ss id a e 0.72 0 .0 2600
2 Ipom oea 4 .0 0 .4 1563
2 A c a c ia  c o u le a n a 0 .1 0 .4 3589
8 A . c o r ia c e a 1.4 0 .0 2600
(u n r ip e )
Ipom oea
C o ss id a e  
A m p h ib o la ru s
C o ss id a e
Varanus
S .  c e n t r a l e
S .  c e n t r a l e
C o ss id a e
C o ss id a e
V igna
A m p h ib o la ru s
V aranus
V igna
A m p h ib o la ru s
0.17 0 .02 1563
1 .1 0 .0 2600
0.25 0 .0 1050
1.54 0 .0 2600
0 .1 0 .0 1050
1 .5 0 .0 2992
0 .9 0 .0 2992
1.75 0 .0 2600
0.66 0 .0 2600
0.14 0 .0 862
0.14 0 .0 1050
0.14 0 .0 1050
0 .5 0 .0 862
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A b b re v ia t io n s
SH = s a n d h i l ls  ' ' ' ,
MW = mulga woodland 
FP = r iv e r in e  f lo o d p la in s  
V = m o to r v e h ic le  .
F = fo o t
T t  = tim e  t r a v e l in g  to  and fro m  fo ra g in g  s i t e ( s )  ■ •
Ts  = tim e  se a rc h in g  fo ra g in g  s i t e ( s )  . •
T„ = t im e  g a th e r in g  re so u rce s  .
t L = tim e  p ro c e s s in g  re so u rce s  f o r  consum ption  a f t e r  c o l le c t in g
E* . = mean c a lo r ie s  (k c a l)  p e r  k ilo g ra m  o f  re so u rce  typ e  i  (see ta b le  5 .4 )
E = t o t a l  c a lo r ie s  re co ve re d  p e r  c o l le c to r  p e r  t r i p  -:
En  = r a t i o  o f  energy g a in e d  p e r  u n i t  o f  tim e  in v e s te d  in  fo ra g in g ,  in c lu d in g  
t r a v e l  tim e  to  fo ra g in g  s i t e ( s )
S ta r re d  t r i p s  ( * )  a re  those  in  w h ich  the  e th n o g ra p h e r p la y e d  a s ig n i f i c a n t  r o le  i n  d e te r ­
m in in g  d e s t in a t io n  a n d /o r re so u rce s  ta ke n .
C o l le c t in g  even ts
1. S ite  1 i s  an abandoned ca m p s ite . Ip o m o ea  and Sola tium  f lo u r is h  th e re  a f t e r  r a in .
2. C o lle c to rs  a rra n g e d  t r i p  la t e  in  th e  day; t r a v e le d  d i r e c t  t o  th e  c o l le c t in g  s i t e .  
The e n co u n te r ra te  f o r  Ipo m o ea  was a t  i t s  h ig h e s t .  C o lle c to rs  dug a l l  ro o ts  w i t h in  500-m^ 
a re a . C o l le c t in g  s topped because o f  d a rkness . T o ta l p a r ty :  7 women, 5 c h i ld r e n .
3. C o lle c to rs  t ra v e le d  to  a p a tc h  o f  mulga w ood land in  s a n d h i l l  c o u n try ;  fo ra g e d  on 
fo o t  f o r  V igna  o v e r 75,000 m2 a re a ; a te  s m a ll q u a n t i t ie s  o f  C a r is s a  and L y s ia n a  b e r r ie s  
w h ile  w a lk in g . A t  end o f  w a lk , th e y  exp ressed  s u rp r is e  a t  low  re tu rn s .  On ro u te  back to  
B e n d a ije ru m , th e y  c o l le c te d  Ip o m o ea  in  a 500 m p a tc h  a lo n g  th e  ro a d s id e . Time on s i t e  a t  
t h i s  lo c a t io n  in c lu d e s  abou t one h o u r sea rch  t im e . T o ta l p a r ty :  8 women, 5 c h i ld r e n ,  1 
in f a n t .
4 . C o lle c to rs  t ra v e le d  d i r e c t l y  t o  s i t e .  Foraged on fo o t  o v e r 20 ,000 m2 ; g a th e re d  
6 .3  kg  Ip o m o ea  p e r  c o l le c to r  in  2 .1 7  h r .  Fo ragers a te  s m a ll q u a n t i t ie s  o f  S o la n w n  f r u i t  
and L e ic K h a r d t ia  leaves  e n coun te re d  w h ile  w a lk in g . A f t e r  a 30-m in lu n ch  b re a k , th e y  f o r ­
aged o ve r 25 ,000 m2 ; to o k  1 .5  kg Ip o m o ea  p e r  c o l le c to r  in  1 .75 h r .  T o ta l p a r ty :  7 women,
7 c h i ld r e n ,  1 in f a n t .
5 . S ite  4 i s  in  mulga w ood land e a s t o f  B end a ije ru m . No d a ta  on lo c a t io n  o r  s iz e  o f  
s p e c i f ic  s i t e ( s )  v i s i t e d  by fo ra g e rs .  T o ta l p a r ty :  7 women, 1 in f a n t .
6 . S o la n w n  c f .  e l l i p t i c u m  was o r ig in a l l y  id e n t i f i e d  as S .  c le is to g a m w n ,  b u t  th e  l a t t e r  
does n o t  appear i n  C h ippenda le  (1971 ). The sp e c ie s  c o l le c te d  resem bles e l l i p t i o w n .  Note 
a ls o  t h a t  th e  c a lo r ic  v a lu e  re p o r te d  f o r  e l l i p t i o w n  (508 k c a l p e r  k g , r e f .  D adsw e ll 1934, 
c i t e d  in  N. P e te rson  1978 :28 -29 ) i s  low  by com parison w i th  o th e r  solanum s, e s p e c ia l ly  S .  
c e n t r a l e .  A v a lu e  e q u iv a le n t t o  th e  l a t t e r  w ou ld  ra is e  th e  E f ig u r e  to  402 k c a l p e r  c o l-  
le c t o r - h r .  T o ta l p a r ty :  4 women.
7. S ite  5 is  on th e  Bundey R iv e r ,  w e s t o f  B end a ije ru m . T o ta l p a r ty :  6 woman, S 
c h i ld r e n ,  1 in f a n t .
8 . A f t e r  a r r i v a l  a t  th e  c o l le c t in g  s i t e ,  o p e ra to rs  fo ra g e d  o ve r 60 ,000 m2 , re co ve re d
5 .5  kg  Ip o m o ea  p e r  c o l le c t o r  i n  3 h r .  A te  s m a ll q u a n t i t ie s  o f  So la n u m  f r u i t  (b o th  c e n t r a l e  
and e l l i p t i c u m ) and L e i c h h a r d t i a  f r u i t  and le ave s  as th e y  wra lk e d . A f t e r  a b r ie f  meal s to p , 
c o l le c to r s  moved in t o  a s ta n d  o f  mulga w ood land, to o k  0 .33  kg V ig n a  p e r  c o l le c t o r  in  0 .6  
h r .  A l l  V ig n a  were ea ten  .a t c o l le c t in g  s i t e .  T o ta l p a r ty :  8 women, 6 c h i ld r e n ,  3 in fa n ts .
9 . C o lle c to rs  t r a v e le d  95 km by ro ad  to  a s i t e  w est o f  th e  Sandover R iv e r ,  w e l l  known 
to  s e v e ra l members o f  p a r ty .  Spent o n ly  th re e  hours  on s i t e  b e fo re  re tu rn in g  to  B end a i­
je ru m . T o ta l p a r ty :  9 women, 4 c h i ld r e n ,  3 in fa n ts .
10. C o lle c to rs  v is i t e d  two s i t e s  in  mulga w ood land . On a r r i v a l  a t  f i r s t ,  c o l le c to r s  
d is p e rs e d . One group o f  th re e  c o l le c to r s  dug 1 .5  kg  g rubs fro m  17 sh rubs ( a l l  A c a c ia  
kem peana ) s c a tte re d  o v e r 10,000 w? in  1 .5  h r .  O n e - th ird  o f  th e  t o t a l  was ta ke n  from  ro o ts  
o f  f i r s t  sh ru b , re m a ind e r fro m  th e  o th e r  s ix te e n .  A bout 2 -5  m in were spe n t d ig g in g  a t  each 
sh ru b . C h ild re n  c o l le c te d  3 .0  kg L e ic h h a r d t ia  f r u i t  a t  t h i s  s i t e .  E n t ire  p a r ty  th e n  moved 
t o  a s i t e  1 km d is ta n t  where more g rub  c o l le c t in g  to o k  p la c e . T o ta l p a r ty :  8 women, 7 
c h i ld r e n .
11. Women o f fe re d  to  dem onstra te  c o l le c t in g  te ch n iq u e s  f o r  A c a c ia  a n e u r a .  P a r ty  
t r a v e le d  by t ru c k  to  a p o in t  ab ou t 12 km e a s t o f  B e n d a ije ru m , where two women spe n t 1 .82 h r  
g a th e r in g  1 kg  o f  seed (see n o te s , ta b le  5 .3 ;  a ls o  O 'C o n n e ll,  L a tz , and B a rn e t t ,  n . d . ) .
O th e r women in  p a r ty  observed  d e m o n s tra tio n  f o r  a t im e , th e n  went o f f  to  c o l le c t  c o s s id  
la rv a e . Four women to o k  2 .4  kg  g rubs in  1 .7  h r ;  one woman to o k  1 .2  kg in  1 .75 h r .  T o ta l 
p a r ty :  7 women, 2 c h i ld r e n ,  2 in fa n ts .
12. Ipo m o ea  tu b e rs  were u n e x p e c te d ly  en coun te re d  j u s t  n o r th  o f  s i t e  1 on a t r i p  o r ­
g a n ized  by O 'C o n n e ll and b o ta n is t  P e te r  L a tz  f o r  pu rposes o f  c o l le c t in g  p la n t  specim ens.
Two A lyaw ara  men a c t in g  as g u id es  and in fo rm a n ts  c o l le c te d  tu b e rs  p lu s  s m a ll q u a n t i t ie s  o f  
u n rip e n e d  A . c o r ia c e a  seed.
N o te s  on  T a b le  5 .A .2 •
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13. Women were asked f o r  a second d e m o n s tra tio n  o f  seed c o l le c t in g .  A t t h e i r  re q u e s t, 
th e y  were d r iv e n  to  th e  s a n d h i l l  h a b i ta t  n o r th  o f  B e n d a ije ru m , s to p p in g  tw ic e  en ro u te  to  
c o l le c t  A . c o w le a n a  seeds. Two women pe rfo rm ed  each d e m o n s tra tio n ; a l l  o th e rs  in  p a r ty  ob­
se rve d . On a r r i v a l  a t  s i t e  8, th e  same one v is i t e d  on e ve n t 12, a l l  debarked and spe n t ca .
1 h r  c o l le c t in g  u n r ip e  A . c o r ia c e a  seed pods. T o ta l 34 kg pods, c o n ta in in g  an e s tim a te d  
7-10 kg seeds, were loaded f o r  r e tu rn  t r i p ,  b u t la rg e  numbers were a ls o  s p l i t  and th e  seeds 
ea ten  on th e  s p o t. On re tu rn  t r i p ,  women stopped b r i e f l y  a t  s i t e  9 to  lo o k  f o r  Ip o m o ea .
More than  8 ,000 m^ were sea rched , b u t though p la n ts  were common, tu b e rs  them selves were 
few . T o ta l p a r ty :  8 women, 6 c h i ld r e n ,  2 in fa n ts .
T o ta l p a r ty :  
T o ta l p a r ty :  
T o ta l p a r ty :  
T o ta l p a r ty :  
T o ta l p a r ty .  
T o ta l p a r ty :
6 women, 1 in fa n t .
6 women, 4 c h i ld r e n .
6 women, 3 c h i ld r e n ,  1 in f a n t .
4 women, 9 c h i ld r e n .
8 women, 1 in f a n t .
2 women.
T a b le  S . A . 3






















































1 2 Sept 73 1 S o la n u m  c e n t r a l e 3,989 5,984
2 11 May 74 1 Ipo m o ea 5,210 6,252
3b 2 Jun 74 3 Ipo m o ea 2,077 6,252
4 28 Jun 74 1 Ip o m o ea 2,576 6,252
8a 15 J u l 74 1 Ip o m o ea 2,422 6,252
9 10 Aug 74 6 Ip o m o ea 2,232 6,252
12 23 Oct 74 8 Ip o m o ea 3,290 6,252
13a 7 Nov 74 2 A o a o ia  c o w le a n a 552 552
13b 7 Nov 74 8 A o a o ia  c o r ia c e a 3,640 4,333
13c 7 Nov 74 9 Ip o m o ea 759 6,252
16a 28 Dec 74 2 S o la n u m  o e n t r a l e 4,488 5,984
16b 28 Dec 74 3 S o la n u m  o e n t r a l e 3,590 5,984




5 6 J u l 74 4 V igna
Varanus





6 10 J u l 74 4 V igna
S .  o f . e l l i p t i c u m  
V aranus  






8b 15 J u l 74 1 V igna 474 1,724
10 22 Aug 74 7 C o ss id a e
V aranus





11 7 Oct 74 7 A . a n e u r a  
C o s s id a e 529
580
1,486
S a n d h il l
Mulga woodland 
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Mulga woodland . .  
[c o n tin u e d ) 14 Nov 74 4 C o ss id a eA m p h ib o la ru s 520
1,486
4,200




17 30 Dec 74 7 C o ss id a e 827 1,486
18 19 Feb 75 4 C o ss id a e
V igna
V aranus






N o te : Time spen t t r a v e l in g  to  and fro m  p a tc h  n o t  in c lu d e d  in  c a lc u la t io n .
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Q u a n t i t a t i v e  D a ta  on  C o l l e c t i n g  an d  P r o c e s s in g  T im e : N e t  E n e r g y  R e tu r n s  f o r  Some A ly a w a r a  
P l a n t  a n d  A n im a l F oods (W = w i n t e r ,  S  = s p r i n g  a n d /o r  e a r l y  sum m er)




S \•H■M BO ' <D
I  °
T3 'rt O i-H • H ‘Hh n)
S a n d h il l
Ip o m o ea  a o s t a t a  0 .25
So la n u m  c e n t r a l e  0 .50 
A c a c ia  c o r ia c e a  (u n r ip e )  0 .60 
V a ra n u s  sp . ( c f .  g o u l d i i )  0 .25
V ig n a  l a n c e o la ta  0 .50
A. c o v ia c e a  ( r ip e )  >5.25
A . a n e u ra  6 .50
Grass seeds 6.00
A, c o w lea n a  ■ 6 .50
O th e r a ca c ia s  6 .50
Mulga w ood land .
A m p h ib o la r u s  sp . 0 25
V aranus  sp . ‘
V ig n a  l a n c e o la ta  0 .50
C oss id  la rv a e  1.75
‘ A . a n e u ra  6 .50
Grass seeds 6.00
R iv e r  f lo o d p la in
C yp e ru s  sp. 0.75
Grass seeds 6.00
1,563 6,252 1 X X
2,992 5,984 2 X X
2,600 4,333 3 X
1,050 4,200 4 X X
862 1,724 5 X X
3,551 < 676 X
3,778 580 X
3,450 575 6 X X
3,589 552 X
3,500 538 X
1,050 4,200 1 X X
862 1,724 2 X X
2,600 1,486 3 X X
3,778 580 X
4
3,450 575 X X
3,326 4,435 1 X X
3,450 575 2 X X
N otes on Table  5 .A .4
C a lo r ic  Values
C a lo r ic  va lu e s  f o r  r e p t i le s  A m p h ib o la r u s  sp . and V a ra n u s  sp . a re  ta ke n  fro m  Meehan 
(1977b ); those  f o r  V ig n a , A c a c ia  c o r ia c e a  ( r ip e ) ,  A . c o w le a n a ,  " o th e r  a c a c ia s ,”  grass 
seeds, and solanums fro m  N. P e te rson  (1 9 7 8 ); tho se  f o r  Ip o m o e a , A . a n e u r a ,  A . c o r ia c e a  
( u n r ip e ) ,  C yp eru s  fro m  P. L a tz  and P. M agg io re  (L a tz ,  p e rs o n a l com m un ica tion ). V a lues f o r  
coss ida e  c a lc u la te d  as fo l lo w s :
1. C oss id  la rv a e  a re  s a id  to  c o n ta in  about 50% f a t ,  50% p r o te in  (A. H a m ilto n  1971, c i t e d  
in  N. P e te rson  1 9 7 8 :2 8 -2 9 ). We assume these  a re  d ry  w e ig h t p r o p o r t io n s .
2 . The m o is tu re  c o n te n t o f  m o rp h o lo g ic a lly  s im i la r  "m ea l worms”  (sp e c ie s  unknown) fro m  a 
S a l t  Lake C i ty  p e t  s to re  was fou nd  to  be about 60% (A. Mahoney, D epartm ent o f  N u t r i t io n  
and Food S c ie n ce s , U tah S ta te  U n iv e r s i t y ,  Logan; p e rs o n a l com m un ica tion ).
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3. S tandard  c a lo r ic  e q u iv a le n ts  f o r  f a t s  and p r o te in s  a re  about 9 k c a l/g  and 4 k c a l /g ,  
r e s p e c t iv e ly  ( M e r r i l l  and W att 1955).
Thus, we e s tim a te  1 ,000 g l i v e  w e ig h t o f  c o s s id  la rv a e  e q ua l 400 g d ry  w e ig h t,  in c lu d in g  
200 g f a t  and 200 g p r o te in ,  o r  ab ou t 2 ,600 k c a l.  Cummins and Wychuck (1971 :128 -29) c a lc u ­
la te  a s im i la r  f ig u r e  f o r  la rv a e  o f  " g r a in  b e e t le s "  (T e n e b r io  s p p .) .
C o l le c t in g  and P ro ce ss in g  Time
E s tim a te s  f o r  seeds a re  based on c o n t r o l le d  d e m o n s tra tio n s . They in c lu d e  c o l le c t in g  • 
and p ro c e s s in g  t im e  b u t no sea rch  tim e  (Tg) . E s tim a te s  f o r  a l l  o th e r  re so u rce s
are based on o b s e rv a tio n s  in  w h ich  sea rch  tim e  and c o l le c t in g  tim e  were n o t a lways c le a r ly -  
se p a ra te d . N o te : (h a n d lin g  t im e ) = + p ^ .
A m p h ib o la r u s  s p . , V aranus  s p . : These a re  s m a ll l i z a r d s ,  average w e ig h t 0 .5  k g , o f te n  
e n coun te re d  in  mulga w oodland and s a n d h i l l  c o u n try . Once s p o tte d , th e y  a re  t re e d ,  o r  
tra p p e d  in  b u rro w s , and k i l l e d ,  u s u a l ly  w i th in  5 m in o f  c o n ta c t.  They are  ro a s te d  whole 
in  ashes on open h e a rth s . E s t.  = 0 .25 h r /k g .
C oss id  la rv a e :  These a re  s m a ll g ru b s , 4-10 cm lo n g . They a re  dug from  s h a llo w  ro o ts  
o f  A . kem peana  o r  C a s s ia  s p p ., l i g h t l y  ro a s te d  in  h o t ashes, is  m in im a l; g ^  e s tim a te d  
from  two in c id e n ts :
1 . E vent 10: 3 c o l le c to r s  to o k  0 .5  kg la rv a e  from  ro o ts  o f  one A . kem peana  shrub in  0 .33 
h r .  Te = 0 .0 ;  th u s , g i  = 2 .0  h r /k g .
2. E ve n t 15: 5 c o l le c to r s  fo ra g e d  f o r  grubs in  mulga w ood land. Ts  + g i  were re co rd e d  
f o r  each c o l le c to r  d u r in g  two se p a ra te  fo ra g in g  b o u ts :
C o l le c to r h r kg (Ts  + g ^ l  kg
M in n ie am 2 .2 0.76 2 .89  -
pm 1 .8 0.53 3.40 ■■
A n g e lin a am 2.33 1.10 2.12 ■
■ pm 2.25 0.71 3.87 ■■■•■
Maggie am 2 .33 0.32 7.28
pin 2 .25 1.00 2.25
E ls ie ■ 2.33 0.32 7.28
pm 2.25 1 .20 1.88
D o l l ie am 2 .2 1.20 1 .83
pm 1 .8 0.53 3.40
The range is  w id e , b u t minimum Ts  + g-i f ig u re s  a re  le s s  th a n  2 .0  h r /k g ;  th u s  we ta ke  
g ^  = 1 .75  h r /k g  as a b e s t a p p ro x im a tio n  f o r  t h is  re s o u rc e .
Ip o m o ea  c o s t a t a :  These tu b e rs  grow on ro o te d  stems o f  rh izom es w h ich  e x te n d  from  a 
c e n t r a l  bush o r  sh ru b , and are  fou nd  ca . 0 .6 -1 .0  m be low  ground s u r fa c e . Tubers v a ry  
g r e a t ly  in  s iz e  b u t average 0 .4  kg  each. D u rin g  e ve n t 2 , th re e  women c o l le c te d  15 kg in  
one h o u r. Ts  = 0 .0 ;  thu s  g i  = 0 .2  h r /k g .  Tubers a re  scraped f re e  o f  g r i t  and ro a s te d  in  
s m a ll,  s p e c ia l ly  p re p a re d  p i t s .  We e s tim a te  p-i -  0 .08 h r /k g .  9 i  + P i  -  h i  = 0 .28 h r /k g ;  
rounded to  n e a re s t q u a r te r  h o u r, 0 .25 h r /k g .  Data fro m  e ve n t 3 y ie ld  th e  same e s tim a te .
S o la n u m  c e n t r a l e , e l l i p t i c u m ' .  These sm a ll f r u i t  (ca . 2 cm d ia )  a re  fou nd  on low  bushes 
and a re  p ic k e d  in d iv id u a l ly  by hand. Bushes were common a t  s i te s  2 and 3 on 28 Dec 74 
(e ve n t 1 6 ) , and sea rch  tim e  was c o r re s p o n d in g ly  q u ite  lo w . A t s i t e  2 , th re e  women to o k
4 .5  kg S .  c e n t r a l e  in  one h o u r ; th u s  Ts  + g i  = 0 .67  h r /k g .  A t s i t e  3, f iv e  women to o k
4 .5  kg  in  0 .75  h r ;  th u s  Ts  * g ^  = 0 .83  h r /k g .  T h e re fo re , we e s tim a te  a lon e  = 0 .50 h r /k g ,  
ro u n d in g  to  n e a re s t q u a r te r  h o u r. Once c o l le c te d ,  f r u i t  were a lw ays e a ten  w ith o u t  f u r th e r  
p ro c e s s in g , th u s  g^  + p i  = 0 .5  h r /k g .
V ig n a  la n c e o l a t a , C yp e ru s  sp ; V ig n a  a re  15-20 cm lo n g , 2 -4  cm in  d ia m e te r ; C yp e ru s  
are  1-2 cm in  d ia m e te r . B o th  a re  found c lo s e  to  th e  g round s u r fa c e ; V ig n a  u s u a l ly  as an 
is o la t e ,  C yp eru s  o f te n  a t  h ig h  d e n s i t ie s .  We e s tim a te  g-i g re a te r  tha n  th a t  f o r  Ip o m o e a , 
o r  about 0 .5  h r /k g .  V ig n a  re q u ire s  no p ro c e s s in g  o th e r  th a n  hand ru b b in g  to  remove g r i t ;  
thu s  g i  + p i  = 0 .5  h r /k g .  The t h in  s k in  on C yp e ru s  must be rubbed o f f  by hand. E s tim a te d  
p i  = 0 .2 5  h r / k g ;  thu s  g i  + p i  = 0 .75  h r /k g .
A c a c ia  spp: Seeds occu r in  pods 2-20 cm lo n g , depend ing on th e  s p e c ie s . When pods are 
d ry ,  c o l le c to r s  p u l l  boughs fro m  t r e e ,  b e a t w ith  s t ic k s  to  s e p a ra te  pods , b e a t and c ru sh  
pods to  re le a s e  seeds, winnow seeds fro m  pod fra gm e n ts  in  c a r ry in g  t r a y s .  Seeds are 
pa rched  in  ashes; then  ground on f l a t  o r  grooved s la b s  w i th  ha nds to nes . Q u a n t i ta t iv e  
d a ta  on these o b s e rv a t io n s  come p r im a r i ly  from  th re e  in c id e n ts :
1 . A . a n e u r a /e v e n t  11: two women g a th e re d  and winnowed 1 kg  seed in  1.82 h r  { g i  = 3 .64 
h r / k g ) .  Many pods were to o  green to  be c ra cke d , and were s e t a s id e  to  d ry .  I f  c o l ­
le c to r s  had re tu rn e d  to  g a th e r  seeds fro m  th e s e , th e  same amount w ou ld  have been r e ­
cove red  in  h a l f  the  t im e . Thus g ^  (combined) = 2 .64  h r /k g .  P a rch in g  tim e  = 0 .0 6  h r /k g .  
B r ie f  d e m o n s tra tio n  o f  g r in d in g  in d ic a te s  e s t .  r a te  o f  165 g /h r  o r  6 .0 6  h r /k g .  P. La tz
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(p e rs o n a l com m unica tion) says t h is  f ig u r e  may be to o  h ig h . H is  exp e rim e n ts  suggest a 
g r in d in g  ra te  o f  3 h r /k g .  Com bining these d a ta  w i th  o u r own, we e s tim a te  p i  ( in c lu d in g  
p a rc h in g )  = 4 h r /k g ;  th u s  g i  + -  6 .64  (rounded = 6 .5  h r / k g ) .  ,
2 . A . c o u le a n a /e ve n t 13a: two women c o l le c te d  and winnowed 200 g o f  seed in  0.25 h r
(g ^  = 2 .5  h r / k g ) .  Assuming p ^  th e  same as th a t  f o r  A . a n e u r a ,  P i + g i  -  6 .5  h r /k g .
3. A . c o r ia c e a  ( r ip e ) /e v e n t  13b: two women c o l le c te d  and winnowed 600 g o f  seed in  0.375 
h r  (g  ^ = 1.25 h r / k g ) .  Assuming p ^  th e  same as th a t  f o r  A . a n e u r a ,  p i  + g i  = 5.25 h r /k g .  
S ince A . c o r ia c e a  seeds are  v e ry  h a rd , g r in d in g  may be preceded by a pounding s te p . 
P ro ce ss in g  tim e  w i l l  be c o r re s p o n d in g ly  h ig h e r .
Most o th e r  a ca c ia s  sh o u ld  have se e d -h a n d lin g  tim e s  com parable to  A . c o w le a n a .  Note th a t  
A . c o r ia c e a  seeds can a ls o  be ea ten  w ith o u t  g r in d in g ,  j u s t  b e fo re  th e y  r ip e n  f u l l y .  Seeds 
are  c o l le c te d  in  pods , warmed o r  l i g h t l y  pa rched in  ashes, the n  s t r ip p e d  o u t by hand and 
e a te n . D u rin g  e ve n t 13b, e ig h t  women c o l le c te d  more tha n  34 kg o f  pods in  1 h o u r, s t r ip p e d  
and a te  many more w h ile  d o in g  so. V ery  l i t t l e  sea rch  tim e  was in v o lv e d . We e s tim a te  
g i *  f i  = ap prox . 0 .60  h r /k g .
Grass seeds: No q u a n t i t a t iv e  da ta  a v a ila b le  f o r  th e  A lya w a ra . F ig u re s  re p o r te d  by 
Brokensha (1975:25) from  e lsew here  in  c e n t r a l  A u s t r a l ia ,  cou p led  w i th  T in d a le 's  (1974:94-106 
1977 n .d . )  d e s c r ip t iv e  comments in d ic a te  = a p p ro x . 6 .0  h r /k g .
T a b le  S . A . S
E n erg y  R e tu r n s  p e r  F o ra g e r-H o u r  on  S i t e  f o r  T r ip s  i n  M ulga W oodland  I n v o l v i n g  M o to r  
















































10 22 Aug 74 1 .0 4 .5 572
11 7 O ct 74 0.72 3 .0 * 624
15 15 Nov 74 1.54 5 .0 806
17 30 Dec 74 1.75 4 .5 1,014
N ote : R e tu rns  l i s t e d  a re  f o r  c o s s id  la rv a e .  T ra v e l to  and fro m  c o l le c t in g  s i t e  n o t i n ­
c lu d e d  in  c a lc u la t io n .  ‘ E s tim a te  o m its  tim e  c o l le c to r s  spen t w a tch in g  seed c o l le c t in g  
d e m o n s tra tio n .
